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FOREWOR.

This report presents the final results of one of the projects partic•ing in ute m•.i2y-effa
programs of Operation Redwing. Overall information about this a the other g=rfri-Y-e t
projects can be obtained from WT--1344, the "Summary Report a(I Commam&L, Task:U ing
3." This technical summary includes: (1) tables listing each detoatloe witIL y- eAd, typw,
environment, meteorological conditions, etc.; (2) maps showin sd locations: (Xi .iscuss..
of results by programs; (4) summaries of objectives, procedures, results, ew 91w all Pra1 -
ects; and (5) a listing of project reports for the military-effect pzagrans.
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ABSTRACT
Project 1.1 participated in five shots during Operation Redwing. Participation consisted of the
measurement of overpressure and dynamic pressure versus time, with specific objectives for
each shot. The self-recording air-blast gages and self-recording dynamic pressure gages de-
vel ped by the Ballistic Research Laboratories (BRL) were used to measure and record the
ptuomenon.

Shot Lacrosse afforded an opportunity to instrument a medium yield (37.8 kt) surface burst.
Ground surface air-blast gages recorded a precursor type shock wave at a station 1,180 feet
from ground zero and a clean or classical type wave at a station 1,950 feet from ground zero.
Correlation of aLr-blast data with Projects 1.2 and 30.2 of Sandia Corporation (SC) electronically
recorded blast measurements was excellent.

Shot Cherokee was a high yield (3.8 Mt) air burst. It had the largest instrumentation partici-
pation of the series, but unfortunately the device did ot detonate over the ' ;tended ground zero.
This caused the loss of many records and a reducti of the accuracy of many because the range
of the pressure transducers at some station as much as 40 times greater than the actual
pressure measured.-A difference in the overpressure and wave shape was noted on records ob-
tained from the man-made islands and those obtained from the reef stations east of Site Charlie.

Scaled models of these stations wre fired on in the BRL shock tube and, based on these experi-
ments, the difference in wave shape and 20 percent or more degradation in pressure may be at-
tributed to the type gage mount used for the reef stations.

Shut Zuni was the first high yield (3.53 Mt) surface burst that afforded a land-surface blast
line from ground zero to the gages-.. Two blast lines, approximately 180 degrees apart, were
instrumented for this shot. s ne- atongthe--Tare peK-whe'e-nd-nideet(precur.-
sor.type)-shac -out -as far-as 3,300-feet. The.second blasýIne was on
Mite-tile--wherCnotideal waves were recorded as far out as 9,880-feet.

Participation in S6:U= - an opportunity to recra-bst data from a fractional kilo-
ton (0.188 kt) device detonated-f m -a tob e =eie-btast data were recorded which will be used
to validate or modify the beigt_o* burst.e ves for •Us-idth fractional-kiloton yields.

.- Shot Inca wais he last btA *ch f Project 1.1 participatej-- 4 o blast lines were instru-
mented on the same island,ooe ove a cleared area and the other over-regetated area. Re-
cords were obtained from both blast * es, but some accuracy was lost because the actual yield
(14.8 kt) -was more than double the pre icted yield (7 Id), and some of the pressure-sensing cap-
sules were overstressed beyondtheir I ended range.
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INTRODUCTION

1.1 OBJECTIVES

General objectives of Project 1.1 were: (1) to instrument certain shots during Operation Red-
wing and obtain basic informaion of the propagation of blast waves over different surfaces from
various yields and heights of burst; and (2) supply measurements of overpressure and dynamic
pressure at certain locatiam in support of other projects.

The specific objective of Project 1.1 was to determine the pressure versus time and dynamic
pressure versus time variations with distance from grourd zero on five shots during Operation
Redwing. These shots were: (1) Lacrosse, a medium kiloton-range surface burst; (2) Chercakee,
a megaton-range air burst; (3) Zuni, a megaton-rangc- surface burst; (4) Yuma, a fractional
kiloton-range tower shot; 2d (5) Inca. a small kiloton-range tower shot.

Project 1.1 had the prime responsibility for basic air-blast Instrumentation on Shots Cherokee,
Zuni and Yuma. On Shots Lacrosse and Inca the project participated to provide back-up instru-
mentation for the electromic recording system used by Projects 1.2, 1.10, and 30.2 of Sandia
Corporation (SC).

The secondary specific bectives of Project 1.1 were to (1) record the diffraction phenomenon
over the man-made island for Project 3.1; (2) furnish dynamic pressure measurements to Proj-
ect 1.5 for evaluation of vehicle damage; and (3) furnish water pressure measurements to Project
1.9 for wave height studies from Shot Zuni.

1.2 BACKGROUND

Since the advent of devices hating an equivalent blast yield In the megaton range, there has
been a need for more data an the air-blast phenomenology generated by the detonation of these
devices. The first compleW air-blast instrumentation attempted for a multi-megaton device was
on Operation Castle (Reference 1). While the objectives of the Operation Castle project were
carried out successfully, the operation left much to be desired in the study of blast wave propa-
gation from high-yield devices. One prime need was an air drop of a high-yield device in the
megaton range. This was seded to check the partitioning of blast energy, scaling laws, and
height of burst curves wMik have been established from multi-kiloton yields detonated primarily
from tower shots and air drops. To supplement existing data, Project 1.1 instrumented Shot
Cherokee, an air drop wik a predicted yield of 4.5 Mt.

Surface bursts at NTS had been limited to one detonation of approximately 1 kt. The reason
for such limitation was the danger of fallout and the residual contamination which restricts the
use of that test area for fMore shots. At the EPG the greater majority of shots had been surface
bursts over water as well a land. Although there have been more surface bursts at the EPG,
air-blast instrumentation bas been limited because of the adverse conditions under which meas-
urements had to be made Therefore, a need existed for more blast data from surface bursts in
the megaton range as wel as the medium kiloton range. There were some nonideal wave forms
recorded at the close-in staions on Shot 6 of Operation Castle (Reference 2). To further investi-
gate this, Project 1.1 Instrumented a blast line on Shot Lacrosse, (a surface burst which had a
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predicted yield of from 25 to 50 kt). On Shot Zuni, (a surface burst which had a predicted yield
of 1 to 3 1t), two blast lines were instrumented, one along the Tare Complex and the other on
Site Ucle.

The weapem effects test shot on Operation Teapot had many objectives, one of which was a
study of the propagation of a shock wave over different surfaces such as asphalt, water and des-
ert. There as a need for data concerning the propagation of a precursor over a natural vegetated
surface, for comparison with data obtained over such artificial surfaces. Project 1.1 participa-
ted in Shot Inca along two blast lines to supplement the data recorded by Project 1.10. One blast
line was along a cleared area, while the other was aong a vegetated area.

1.3 DYNAMIC PRESSURE CORRECTIONS

At a meetiag of the nuclear blast-measurement agencies called early in 1958, various agencies
considered the problem of dynamic-pressure corrections and agreed upon a common course of
action.

A standardized nomenclature was also established as shown below.

qc = (P P)

k = u/c - local free stream Mach number

P@ = ambient preshock static overpressure

Ap = free stream static overpressure

-App= total head pilot overpressure
p

Primes are used to denote uncorrected as-read gage values.
To correct the measured data as agreed upon at the meeting a code, or calculation procedure,

was establishd, for one of the BRL electronic computers (EDVAC) to'apply the appropriate cor-
rection. These corrections are necessary to obtain the free stream value of dynamic pressure.

The first step in applying the gage correction, M.ach flow correction, and compressibility
correction is to calculate the primary Mach number (M) from the following equations.

For M <1

p__ / + Y M2))1
1p, +P0 2 (1.1)

For M < 1

p 2 (1.2)Ap" + P 2 M2 -

A gage. imilar to the BRL dynamic pressure gage has been calibrated in the Cornell Wind
Tunnel at various Mach numbers (Reference 2). The primary Mach number is used to apply the
wind tunmek calibration factors to the total head and side-on q-gage measurements. When these
corrections are applied, new values of (Ap + P 0) and (Ap + P 0) are obtained and consequently
a new value of M is calculated.

Since the dynamic pressure qc is related to the side-on overpressure and Mach number the
new value of M is used in the following equation.

Y(Ap + PO) M2
S2 (1.3)

The peak value of q, has been tabulated in Tables 3.2, 3.5, 3.6 and 3.8 and plotted in all
curves showing peak dynamic pressure versus distance.

12

SECRET

k'----,.



I'

1 Chop/er 2V.. - -.

PROCEDURE
2.1 OPERATIONS

The measurement of air blast from a large-yield device poses a serious problemn because it
necessitates the establishment of blast lines which are sometimes as much as 8 .miles in length.
It is impractical to attempt this with electronic instrumentation, which requires shelters, cables,
and ditches. Self-initiating, self-recording gages, that can be installed from one to several days
before a shot and operate successfuliy at shot time, solve this problem. The gages used by ]ProI-
ect 1.1, which had been field tested on previous operations (References 1 and 3), met these re-
quirements. All stations were project instaled with the exception of the 113-type station (See
Section 2.3.1). The-overall project was flexible, since, in the event of cancellation or relocation
of a shot, a new blast line could be reinstrumented in a few days by project personnel.

Project 1.1 participated in five shots during the operation. The spread in yield was from
0.188 kt to 3.8 Mt, and the spread in height of burst was from 9 feet to 4,320 feet.

Some shots were development devices with wide ranges of predicted yields. Therefore, it
was difficult to design blast lines that would assure measurement of all desired information.
Where there was a wide range in expected yield for a particular shot, predicted pressure distance
curves were made for both extremes in yield; and a blast line was established based on an average
of the two. Gage ranges were chosen so there would be no overstressing of the recording element
in event the upper yield limit was realized.

TM 23-200, revised edition, 1 June 1955 (Reference 4), was used to predict pressures at
various distances from ground zero on all shots. During the operational phase of the tests,
better yield values were established on some st•.ts, and it was necessary to change gage ranges.
since ground distaaces had already been established.

2.2 INSTRUMENT STATIONS

A total of 55*Project 1.1 gage stations were instrumented during the operation. Forty-two
were installed by project personnel. In addition to the 55 project stations, 9 were installed for
Project 1.9 water wave studies, and 12 for Project 3.1 diffraction studies. The station types and
locations for all shots are listed in Tables 2.1 through 2.5..

2.2.1 Gage Station Types. The three different number-series of stations used during the op-
eration are described as follows:

1. Series 113, Contractor Stations, All blast line stations for Shot Cherokee, with the ex-
ception of the one on Site Charlie, were contractor installed. Stations 113.01 through 113.06
were installed on the reef between Sites Charlie and Dog, while Stations 113.07 through 113.11
were installed on man-made islands on Sites Dog and Able. The two types used are shown in
Figures 2.1 and 2.2.

2. Series 114, Pr)j ect-Installed Pressure-Time Stations. The stations installed by project
personnel consisted of a base plate mounted on the end of a 3-inch pipe approximately 9 inches
long. The gage case was mounted to the other end of the pipe, and the assembly buried with the
top of the gage flush with the surface. The surface material removed, in order to place the
gage, was packed in around the gage and smoothed flush with the gage.

3. Series 115, Project-Installed Pressure-Time and q Station. The only difference in the
Series 114 and 115 stations was the addition of a q gage to measure dynamic pressure. The q

13
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gage mount was the same type used on Operation Teapot. A survey stake was furnlshed by "a

contractor, while installation and material were furnished by the project. The Project 1.1 2
gages were installed. with the center Lne ao the gage 3 feet above the surface, with the emq m
of the reef stations.

4. Series 112, Project-Installed Pressure-Time Station. The pressure-time station located
at intended ground zero on Site Chirlie was given a 112.01 number, although there was no differ-
ence in this station and Series 114.

Gages furnished and installed for Projects 1.5 and 3.1 were of Series 114 or 115.

TABLE 2.1 STATION LOCATIONS, SHOT CHEROKEE

Station Distance from GZ Coordinates Type and Number
-* Number Intended Actual North East o0' Measurements

ft ft 1t q

"112.01 Charlie 0 19,143 171.172 82.082 2 -

113.01 Leef 3.500 17,500 171.2-17 85,465 3 1
113.02 between 5,000 10,970 1.0,894 8",916 3 1
113.03 Charlie 9,000 16,162 !69.872 90,783 3 1
113.04 and 13,000 16,323 16s.851 94,650 3 1
113.05 Dog 16,000 17,068 16S.084 97,551 3 1
113.06 19,000 18,282 167.318 100,451 3 1

113.07 man- 20,455 19,349 166.564 101,753 3 1
113.08 made 23,955 20,482 166.514 105,359 3 1
113.09 Island 28,955 23,512 166.401 110,456 3 1

113.10 Dog 35,580 26,453 1(9,496 117,561 3 1
113.11 Able 12,000 30,711 -, 17.515 71,022 3 - I

2.2.2 Station Locations. The station location, ground distances, coordinates, types, and
,tumber of gages are shown in Tables 2.1 and 2.5. The column headed Pt indicates pressure- it

time measurements, and q indicates dynamic pressure-time measurements. The blast line lay-

outs for the various shots are shown in Figures 2.3 through 2.7.

TABLE 2.2 STATION LOCATIONS, SHOT TUMA

Station Site Distance from Coordinates Type and Number

Number Ground Zero Norrh East of Measurements
ft Pt q

114.01 sally 0 130,603 112,154 2 -

115.01 Sally 150 130,520 112,280 3 1
115.02 Sally 250 130,460 112,360 2 1

115.03 Sal'y 361 130.410 112,460 2 1
115.04 Sally 401 130.4W0 112,500 2 1

114.02 Sally 500 130.310 1 2.560 2 -
125.05 sally 603' 130-260 11,2,650 1 1

11"4.03 Skily &02 130,.140 112,810 1

114.04 Sall" 1,000 130, - ;0 112,980 2 -

2.3 INSTRUMENTATION

All gages used to accomplish the objectives were direct-recording type instruments. They

Swere essentially the same gages as used on Operatio'a Teapot (Reference 3), but with slight medi-

fications. The modifications and details concerning the gages are presented In Appendix A.

2.3.1 The BRL Pressure-Time (Pt) Gage. The BRL gage was simple in principle and opera-

tion. It was battery powered and could be initiated by the light or heat from a fireball. The Ini-
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t"atioa circuit started the turntable and a coated record disk to rotate sta constant rpm establimb-
Ing a time base. WVhen the shock wave arrived, the pressure entered a senstive capsule, causing
it to expand. The distance it expandedl was a function of pressure and ome recorded on the record

isk by means of a stylus scratching the coating from the disk. The 6h of the nummcdaad

scratched by the stylus was approximately 0.00025 inch.

TABLE 2.3 STATION LOCATIONS, SHOT 7.Zuu

Station Site Distance from Coordinates Type mad Number
Number Ground Zero North East of MmwArements

ft PC q

114.05 Sugar 3,141 100,370 113,443 2 =
114.06 Sugan 5,089 100.713 115,366 1 1
115.06 Sugar 5.685 100,693 115.970 2 1
114.07 Roger 7,004 100.942 117.20 1 -

115.07 Roger 8.292 100,978 118,560 2 1
115.08 Peter 10.392 101,160 120,650 1 1

214.08 Peter 11,693 107,596 121,912 2
115.09 Oboe 13,796 102,470 123,910 1 1
114.09 Oboe 16,511 103,600 12a,457 2 -

114.10 Uncle 4,456 98,945 106.016 2
115.10 Uncle 5,078 98,756 105,427 1 1
114.11 Uncle 5,907 98.503 104,637 1

115.11 Uncle 6,849 98,216 103.744 2 1
115.12 Uncle 9,880 97,300 100.86" 2 1
156.01 Uncle 10,018 99,650 100,304 1 -

156.02 Uncle 9,912 99,754 100.406 1 2
114.41 Nan - - - 1I --

2.3.2 BRL Dynamic Pressure (q) Gage. The BRL q gage used the same principle of record-
ing pressure versus time as the pt gage. The difference vas the use of two pressure sensing

elements and two pressure inlet holes. The gage was a pitot tube with fte total or stagnation
pressure inlet hole in the nose and the side-on pressure Inlet bole in the top of the body approxi-

TABLE 2.4 STATION LOCATIONS. SHOT INCA

Station Site Distance from Coerdinates Tpe and Number
Number Ground Zero North East at MieaurementS

ft Pt q
115.13 Pearl 9000 133,292 106,165 2 1
115.14 Pearl 900 133,060 106.066 2 1
115.15 Pearl 1,114- 133,537 106.414 2 1
115.16 Pearl 1,114 132,850 106.175 2 1
115.17 Pearl 1,3100 133,452 106,607 2 1

115.18 Pearl 1.310 132,797 106.327 2 1
115.19 Pearl 1,4500 133,240 106,716 2 1
115.20 Pearl 1.450 132,763 106,524 *2 1
115.21 Pearl 1,6000 133,340 106,687 2 1
115.27 Pearl 1,600 132,692 106,656 2 1
115.28 Pearl 2,130 132,760 107,290 a

Stations In uncleared vegetated area.

S. mately 4 diameter, from the nose hole. To obtain dynamic pressure vrsus time, the record of
side-on pressure versus time was subtracted from the record of total pressure versus time.
These uncorrected records are presented In Appendix B. The correctin factors as given In

"-' Section 1.3 were applied to the total and side-on records and the correted peak dynamic pres-
sures are listed In Tables 3.2, 3.5, 3.6 and 3.8.
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* 2.S.3 Blast Line Layouts. The Shot TAcrosse ground zero was on an artificial island at the
end of a causeway about 450 feet off the north end of Site Yvonne. The location of the BRL in-
"strument stations is shown in Figure .3.. This shot was heavily instrumentea for parameteUm1

"other thani air blast. The extensive pipe array for diagnostic measurements.* iso W Figmre
2.8. Some of the stations were in line of sight of the device cab at ground zero while others were
partially shielded because of an earth berm (10 to 12 feet above grade). The berm was located
in the middle of the island and extended from ground zero to approximately 2,600 feet. The tabu-
lation of data concerning station numbers, locations and other pertinent information is presented
in Table 2.1. It should be nuted that all stations on this shot were located on one island.

Intended air zero for Shot Cherokee was Site Charlie. The blast line to the east consisted of
six reef stations, one station each on the man-made islands and one on Site Dog. One station
was established on Site Able, which was southwest of the target island. The blast-line layout It
shown in Figure 2.4. All data concerning the station and gage layout are listed in Table 2.2.
The expected range of pressures as predicted from TM 23.. 00 (Reference 4) was from 200 psi

TABLE 2.5 STATION LOCATIONS, SHOT LACROSE

Station Site Distance froni Coordinates Type and N'Jumber

Number Ground Zero North East of Measurements
ft Pt q

114.15 Yvonne. 1.180 105,705 124,500 2 -
115.22 Yvonne 1,590 105.290 124.640 1 1

115.23 Yvonne 1,950 104,980 124,990 1 1
115.24 Yvonne 2,500 104.596 125,499 2 1

"114.16 Yvonne 2,770 104,356 125,648 2 -

115.25 Yvonne 3.350 104,060 126,330 2 -

115.31 Yvonne 3,900 103,570 126,600 1 1
114.18 Yvonne 4,387 103,060 J26,900 1 -

115.26 Yvonne 5,200 102,431 127,199 2 1
114.19 Yvonne " 7,050 100,750 128,000 1 -

to 1 psi and the stations were located to give the best coverage for this span of pressures. Each
of the 113 series stations consisted of three pt gages and one q gage. Ground zero station on
Site Charlie had two pt gages. At station 113.01, a distance of 3,500 feet, it was planned to meas-
ure surface overpressure versus time and dynamic pressure versus time in the regular reflection
region. While at station 113.02, located 5,000 feet from ground zero, it was planned to measure
surface overpressure versus time and dynamic pressure versus time in the early phase of the
Mach reflection region.

The blast lines for Shot Zuni were established on the basis of a surface burst with a predicted
yield of 3 to 5 Mt. One blast line extended to the east along the Tare Complex, a distance of
16,500 feet. Although the shock front had to travel over water part of the time to reach some of

the stations, it was considered a ground-surface blast line. The second blast line, to the west,
started at the eastern tip of Site Uncle, which meant the shock front would travel almost 4,500
feet across the deep water channel before reaching the first station. The blast line continued in
a westward direction ending at a distance of 9,88K feet. With this unique blast line the shock
front would travel the first 4,500 feet over water while the remaining portion or approximately
5,400 feet would be over a heavily vegetated surface. The blast-line layout is shown in Figure
2.5 and the station distances are listed in Table 2.3.

The blast-line layout for Shot Yuma wasunusual in that it was only 1,000 feet long. The dis-
tances were established from a height of burst of 200 feet and a predicted yield of 0.2 kt. The
line was on one island and the surface was soft sand with sparse tufts of grass. The stations
and distances are listed in Table 2.4, while the layout is shown in Figure 2.6.
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Two blast lines wer established for Shot rnca. One Line consisted of five Atslow abWq 8
vegetated surface and the other line consisted of five stations at similar distances along a cleared
surface. The cleared sarface was a soft sand surface, while the vegetation consisted ad. some
vine (Ipomem) and gram cover, plus almost complete cover.Age with broadlef shrubs (6uaGM94

-.' * " ., -'--.-
,,* .-. ' ""- - -

Figure 2.1 Type 113 reef station.

10 to 15 feet high. The experiment was designed for a 7 kt yield at a height of burst of 200 feet.
The blast-line layout is sbow-i in Figure 2.7. The pertinent details concerning the blast lines
are listed in Table 2.5. A special station was installed on Site Olive to measure the effect of
orientation on the BRL q gage. Four gages were installed at the same distance with the axis of

Scn a. , whicm was consid-

...4 • . •: .,,,< ... •• -. . , ... . . . . .,

', - • , - . , -. , a -.- ,. .'.- , ias,. .. . . , - .
:.•.•. ,. . •.

ered the standard, wasn oriented with the nose pointing at ground zero (0 degrees). A second q
grage was oriented witb the axis 32 degrees from ground zero, while a third gage was 41 degrees
and the fourth gage was 50 degrees. This station was located at 2,640 feet, where a classical
wave shape was expected-
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.2..4 WOoI of alibration. Al pressur- s ing elemmis ealcl ad at tm c!tl R7
and BRL a furnished with a tabulation of the 50, 100 and 200 percent values on those up to the
0 to 50 psi range. The 0 to 100 psi range was tabulated at 50, 8 1140 sand 110 peret while the
0 to pd raw vuas, talatta .5, Um ZOOu W d M £80pe:a.L The it@t Pdp m V

aNSI N0

061 ~N 104,006

N, 00%000
YVONNE1

14-149 ,

00000
S114.15 N101 l,000

IIQ
Figure 2.3 Shot Lacrosse blast-line layout.

tabulated at 50, 75, 100 and 150 percent and the 0 to 400 psi range at 50, 62.5, 100 and 125 per-
cent. The company also supplied BRL with a plot of deflection versus pressure, on all pressure
elements. Spot checks were made on the elements when they were delivered and the values were
always Ie agreement with less than : 0.2 percent variation. All elements used on the operation
were recalibrated on return to the laboratory and the small vadriation was still in evidencer

t Tiq ge e ud.

-48
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Figure 2.4 Shot Cherokee blast-line layout.
2.4 DATA REQUIREMENT•S

The data required by Project 1.1 to accomplish its objectives were measurements of over-
pressure versus time along the ground surface at various distances and dynamic pressure versus
time at various distances. To record this phenomena the BRL pt and q gages were used. Both

18
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P

Figure 2.5 Shot Zuni blast-line layout.

gages use the same principle, that is, recording a deflection proportional to pressure on a re-
volving disk. The BRL q gage recorded the total overpressure and static or side-on overpres-
sure and then one curve was subtracted from the other to obtain the dynamic pressure.

The pressure versus time curve which was scratched on a glass disk had a curved base Hias

%_______ a.O

Si-

* ~Figure 2.6 Shot Yumna blast-line layout.
and the deflection was not always a linear representation of pressure. Therefore, it was neces-

* sary to reduce the record to linear form. On previous operations this was accomplished by the
use of a toolmakers microscope where the deflection was read in thousandths of an Inch and ro-
tation read in degrees, minutes and seconds. Calibrations weee then applied to obtain pressure
versus time.

13
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Figure 2.7 Shot Inca blast-line layout.

A new method was developed to read the records from Operation Redwing. Magnetic readbg
heads were mounted to the microscope and the output in digital units was recorded on IBM caxs
which were programmed through the Electronic Discrete Variable Computer (EDVAC). The on-
put of the EDVAC for the pressure versus time records was in the form of IBM cards from

which tabulations and plots were made. The input to the EDVAC was programmed for time ver-
Bus pressure and time versus impulse.

r

I . ,, . - . - , . - . • r , ,• . . • . ,. . . ., . . . . . . . . . - t. . . . .• , . . . " ' --V
'-*'

- -"

Figure 2.8 Shot Lacrosse blast-line obstructions.

For obtaining dynamic pressure, the total pressure versus time values and the elde-on pres-
sure versus time tralues were programmed through the EDVAC where one, curve was subtractei
from the other. When the tirme on the separate curves did not coincide, the computer iderpolIah
between the pressure at a time just preceding and the pressure at a time beyond Ohe time in ques-
tion. The time-pressure-impulse values for the total, static and dynamic pressure records we
all tabulated and plotted for final presentation.

20
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S. Chapter J
/RESULT$

3.1 SCALING

To check the scaling laws for various yields and heights of bum t Is necessary to normaliza
air-blast data to some standard so comparisons can be made. The standard which has been es-
tablished is a 1 kt radlochL uical yield at sea level ambient pretmre and 20 degrees centigrade.
(A new standard sea-level ambient temperature of 15C was established February 1958, but is
not used In this report.) On Shots Lacrosse, Yima and Inca the yield was established from the
radiochemical method, but on the larger yields, such as Shots Cherokee and Zuni, the yield was
determined by the hydrodynamic method.

The following scaling relations have been accepted as standard ami were used in this report.
14.7

Pressure: Sp 14

Distance: Sd= • 14. (

IT, + 273VPI,~/,1tTime: St 29 UP 14-7

To + 2731A (14.7 2A I_
Impulse: 293 / V e

'Where: W = Yield of the device in kilotons

P 0 = Ambient pressure In psi at burst height or measurement height

To= Ambient temperature in degrees Centigrade at burst height or measurement
height

Scaling to ambient conditions at burst height is known as straigl* Sachs scaling or A-scaling
and Is used for the scaling factors presented in Table 3.1.

3.2 SHOT LACROSSE

This shot was a surface burst with a predicted yield of 40 kt aed measured yield of 37.8 kt.
Ground zero was on an artificial island at the end of a causeway about 450 feet off the north end
of Site Yvonne.

3.2.1 Gage Performance. A total of 15 pt gpges and 6 1 gages were installed for this shot.
Records obtained from the pt gages at the last four stations were unsatisfactory, because the
thermal radiation did not melt the carbon paper patch placed over the pressure inlet hole and
the gage at the last station did not run. It was necessary to cover the pressure inlet hole be-
cause fine blown sand tended to clog the hole when it was uncovered. Since this was a surface

shot and there were many structures and earth mounds obscuring the line of sight, the gages at
the greater distances were shielded from the thermal pulse. The station at 7,050 feet did not
start from the photo initiator and the thermal link was still in poslion.

21
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3.2.2 Mr-Blast Pressure Versis Time. Peak overpressure measured along the blast ft"
by BRL ranged from 136 psi to 4.6 psi. These wes surface pressure measurements since the
gage face was installed flush with the surace ad tt ground. The measurements at the statlna
"along the blast line are listed in Table 3.2. The a*crds of pre ssure versus time for Shot La.-
crosse are presented in Appendix B.

Although this was a surface burst, a precursor type wave form was recorded at Station 114.15,
which was located 1,180 feet from ground zero. TIh precursor was short lived and the cyclic
change noted on the Operation Teapot precursors waa not recorded (Referenca 3). The wave
frm was classical at Station 115.23, located at 1,40 feet. Values of recorded peak overpres-
sure are plotted in Figure 3.1.

TABLE 3.1 SCALING FACTORS, AMBIENT CONDf"U AT BURST HEIGHT

Shot L, crosse Cherokee Zuni Yuma Inca
Yield 37.8 kt 3.8 Mt 3.53 Mt 0.188 kt 14.8 kt

Method Radlochemical Hydrody~amie !§!!rmynamnc Radlochcmical Radiochemical

Height of
Burst, feet 14.6 4,320 I.25 200 200

P0 . psi 14.62 12.60 14.64 14.53 14.53

To. C 20.6 16.3 21.6 25.2 24.3

Sp 1.005 1.167 1.004 1.012 1.012

S 0.2970 0.0609 6.0655 1.7371 0.4057
d

"S 0.2972 0.0605 &6.56 1.7541 0.4087
St
S, 0.2987 0.07(06 &.045 1.7761 0.4134

Height of
Burst Sealed
,toI kt at
Sea Lovel 4.4 263.1 0.66 347.4 61.1

"3.2.3 Dynamic Pressure. Dynamic pressure values measured on Shot Lacrosse are presented
in Table 3.2. The uncorrected values were btaimed by subtracting the static or side-on overpres-
sure from the total or stagnation overpressure. That is q' n AP'p - aP'. This does not mean
that the peak -p'p value minus the peak Ap' value, as listed in the table, will always give the
peak qc value because the peak values may occur ad different times. To present a realistic value
of q'c, the curves have been smoothed where excessive oscillations occur at the Initial portion of
the record. The dynamic pressures were corrected for compressibility and flow as mentioned in
Section 1.3, and the corrected peak pressures are listed in Table 3.2. A curve of corrected dy--
namic pressure versus distance is plotted in Figure 3.2. Records of total, side-on and dynamic

_* pressure (uncorrected) are presented in Appendix B.

%• 3.2.4 Arrival Time, Duration and Impulse. The blast wave arrival time measured on all
records has been corrected for the motor start-4p time and listed in Table 3.2 along with posi-
tion duration and impulse. The procedure for applying this correction is presented in Appendix
A. Corrected values of blast arrival time are pastted in Figure 3.3. In the same figure the
duration of the positive pressure versus distance bas also been plotted. At stations where the

-- arrival time of the blast wave was less than 400 asc it was also necessary to apply a correction
factor to the positive pressure duration (see Sect.. A of Appendix A).

The positive impulse for all pt records and A'p records on which a complete history of pres-
sure versus time was measured are plotted in Figure 3.4. Impulse values of dynamic pressure
have not been plotted because they should be larger than shown in Table 3.2. On some of the
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TABLIC 3.2 AIR-BLAST DATA. SHOT LACROOSB

Gag deslgnatUons: pt - .is-* pi•essure versus time, pt gage; Ap * total pressure vetme Uwe, q

-P - s'de-on presun ver Urns. g tam g1, - dynamic -ressurv vri Urn.

Orotd Gage Type Peak Arriwvl PoslUve Total D- morRemark

Location Sibs and Dynamic e
nRaw Numbr Overpressure Time Duration Impulse Pressure, on

psi " a e pal-sAo psi

114.15 YVoMe 1.1 p-1 133.0 0.105 0.371 23 -

Pt- 75 136.0 0.100 0.345 4.961

115.22 Yvomw 1.5w pt-
20 1  56.3 - -

ApI - 26 160.0 0.23W 0.1e! 2.823 -

pa l- 28 50.0 0.233 0.617 11.808 -

t-le- 28 110.0 0.236 - - 7.5 t

115.23 Yvomse 1,1W pt-
13 7  35.9 0.371 0.54" 4.104

•? ""Ap s - 15 49.1 0.443 0.617 L ii #

Ap'- 15 34.7 0.445 0.483 4.141

qý- 15 18.0 0.445 2.196 4.000 15.

115.24 Yvonne 2,MW Pt- 49 17.9 0.747 0.661 3.457

Pt" 83 21.1 0.679 0.662 3.756

Ap' - 17 32.9 0.710 0.636 4.862 -

p'A-17 - -1-... . t
4.". q0o- 17 ... t

114.16 Yvanne . Pt- 76 15.7 0.914 0.731 3.304 -

pt-202 13.8 0.970 0.730 &3.58

11.2. r ena 3'M Pt- 53 10.0 1.369 0.867 2.816 -

PC-1257.3 1.252 0.915 2.877 -

Ap, - 18 13.1 1.460 0.556 2.401 -

-' p
Ap

1- 18 10.6 1.440 0.554 2.067 -

s- 12 .5 1.460 0.443 0.336 L3

115.31 Yvonne &M Pt- 65 3.7 1.568 0.723 1.455

Ap' - 16 8.9 1.915 0.694 2.220

Ap'- 16 7.8 1.915 0.692 19M -

is 6 1.1 1.915 0.094 0.254 1.04

114.10 Yyome 4,576 pt-
10

9 3.8 2.080 0.963 1.694 - $

115.26 Yvonne 5.W pt-169 3.0 2.642 1.052 1.452 - $

"PC 148 4.A - - -

"A.po - 19 5.0 2.623 0.943 1.818

,Ap'- 19 4.5 2.623 0.926 1.651

"- 19 0.5 2.623 0.859 0.1G4 0.46

6 114.19 Yvonne P.CW Pt130 No Readable Record

"Peak pressure only otakmmL
""*i Values could not be obtakwe.

"t Pressure value not coanarsed validl
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Sd t rie timeo the d.- recor Is fser than the total -. record.

This then implies a negative dynamic pressure during the initial portion of the record and there-

" for* a aaga~ve impulse during tht portion. This Inonsistency can be sson oan te records pre•-

srnted, in Appendtx B6 and must be reckoned with when correlattna other blast parameters with
dynamic Impulse.

3.3 SHOT CHEROKEE

Shot Cherokee was the first air drop of a 'megaton-yield device. It was planned to detonate
* 'at an altitude greater than 1 times the fireball radius so that basic blast phenomenology could

be measured on a true !.Aee-air burst. The succesaful accomplishment of the projects' objec-
tives on this shot was seriously hampered by an error in the placement of the device at the in.-
tended air zero. The iength of the blast line was changed from one starting at ground zero and
ending at 35,580 feet to a blast line starting at 17,500 feet and extending to 30,711 feet (Figure
2.4).

3.3.1 Gage Performance. Project 1.1 had a larger participation on this shot than any of the
other shots. A total of 35 Pt gages and 11 q gages were installed for the blast line Instruments-
tion. Twelve Pt gages and three q gages were installed for the blast diffraction studies over the
man-made islands.

Considerable instrumentation difficulty was encountered during the preshot phase. Malfunc-
tion of both initiation methods was the primary difficulty encountered. The photo initiation cir-
cult was preinitiating and the cause could not be immediately determined. Details on the circuit
and the malfunction are explained in Appendix B. There was considerable delay in the shot day.
The thermal links, which were used as a back-up initiation system, began to preinitiate. The
links were under a stress and the low melting point alloy had a tendency to creep when exposed
over an extended period. The metal creep allo -ed the switch to close starting the gage before

shot time. Therefore, it was nIecessary to make frequent inspection trips and reset gages that
had run.

Nine of the 47 Pt gages and 3 of the 14 q gages recorded peak overpressure only, because of
V the preinitlation of the gages.

3.3.2 Air-.3last Pressure Versus Time. The nearest station to the actual ground zero was
approximately 17,000 feet; therefore all high pressure phenomena were lost, as were measure-
ments in the regular reflection region. The accuracy of many of the records was diminished be-
cause the ranges of the pressure-sensing capsules was 10 to 40 times greater than the actual
pressure arriving at the stations. On Site Charlie, the intended ground zero, a capsule range
of 0 to 400 psi was used, but the actual pressure measured was less than' 12 psL

Of the 38 pressure-time records obtained, six were considered unreliable for plotting a curve
of pressure versus distance because of the small amplitude of the recor'd or the extreme oscilla-
tion believed to be caused by the orientation of the detonation with regard to the gage mounts
(Figure 2.1).

There appears to be a deviation in the pressure-distance curve where the reef stations end
and the landstations begin. As shown in Table 3.S and Figure 3.5, Reef Stations 113.05 and 113.06
are nearer ground zero, but show a lower pressure than Station 113.07 which is at a greater dis-
tance, but located on a man-made island where the gages werft installed flush with the surface.
In Figure 3.6, a record from Station 113.07 and one from 113.06 are plotted on the same time and
pressure scale.' This figure shows quite well the effect of the gage mount in lowering the initial
portion of the recorded pressure versus time. In Figure 3.7, records of pressure versus time
from a series of shock tube tests are presented. Records were made using a '/4 scaled model of
the mount and, under similar conditions, records were made using a large baffle on the en4 of
the mount. Results of these tests indicate that'a reduction of as much as 25 percent may be ex-
pected when using the type gage mount used along the reef for Shot Cherokee. Pressure value*
have been plotted in Figure 3.5 assuming a 25 percent attenuation in pressure due to gage mount.
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Figure 3.5 PesrvessdtacShot: Cberokm
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The gages at any one reef station check well when compared with each other, but the wave shape
is not consistent at the various reef stations (see Appendix B). Three records from Station 113.09
are plotted in Figure 3.8 to show the comparison of three gages in similar positions on a man-
made Island. The difference in the initial portion of the record is caused by the reflected wave
from the structure arriving at the gages at different times because of the separation of the gages.
Average values of peak pressures, arrival times, durations and impulse are listed in Table 3.4.

3.3.3 Dynamic Pressure. Records obtained from the q gagcs were essentially a complete
loss for obtaining usable dynamic pressure. The gage being unidirectional was oriented toward
the intended ground zero, but the air-zero error caused the shock front to strike the gages at
angles other than normal to the axis. The shock front struck some of the gages from the rear,
some broad side and some from the front at large angles. The angles between the axis of the q
gage and the actual ground zero are listed in Table 3.3. An angle of 90 degrees would mean the
shock front struck broadside, while at greater than 90 degrees it would be from the rear. From
the q gage records presented in Appendix B, it can be seen that when the shock front strikes the
gage at any angle other than normal to the axis a lowering of recorded pressure of both the total
and static records occurs. The values from Saions 113.01, 113.02, 113.03 and 113.04 have not
been listed in Table 3.3 due to extremely small deflections causing unreliability and inconsistency
of the data.

3.3.4 Arrival Time, Duration and Impulse. Arrival times of the shock front at the gage posi-
tions are listed in Table 3.3 and plotted in Figure 3.9. When compared with the arrival. times
measured by electronic instrumentation on Man-Made Islands 1, 2 and 3, and Sites Dog and Able,
the self -recording gage times are consistently low. It is believed that the majority of the gages
did not initiate from the photo circuit, but rather from the thermal link. On this shot the photo-
circuit pickup was directional and faced intended ground zero. A three density filter was used
so the gage would not initiate in bright sunlight. Therefore, it is felt that the light from the det-
onation entering the photo pickup from the side or rear did n6t initiate many of the gages. In
many instances, because of the difficulty with the creep in the thermal links, two were sometimes
used on a gage. Since the flat side was not facing actual ground zero, there was an increased lag
in the parting time of the link. This lag was not consistent and might vary from a few milliseconds
to more than one second. All arrival times have been adjusted for the lag due to the start up time
of the motors.

The durations of the positive pressure pulse, along with arrival times, are listed in Table 3.3
and plotted in Figure 3.9. Durations from the q gages are not plotted because of the difficulty in
determining the time at which the cross over takes place. This difficulty was caused by the ex-
tremely small deflections and excessive pressure Puctuations due to vortex shedding from the
q gage body.

The impulse of the positive pressure pulse is listed in Table 3.3 and plotted in Figure 3.9.
There is some scatter from the reef station gages but this would oe expected since there was
also scatter in the pressure measurements. The values plotted in Figure 3.9 were taken from
the average values listed in Table 3.4.

3.4 SHOT ZUNI

Shot Zuni was a 3.5 megaton.-yield device deton.ated approximately 9 feet above ground surface.
Project 1.1 instrumented two blast lines for this shot. The blast-line layout was similar to the
one established on Shot 3 of Operation Castle (Reference 1). The blast line area on Site Uncle
which had been cleared for Operation Castle had grown over with heavy vegetation for Operation
Redwing. Project 1.1 also instrumented two Stations, 156.01 and 156.02, for Project 1.5. These
stations were located near the concrel.e cubicle structore and will be described in this report.
Certain stations were instrumented to mf ,sure pressure caused by the passage of water over
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I
U TABLE &3. AIR-BLAST DATA, SHOT CHER•KEE

Gage designationse pt a side-on pressure versus time, pt gm% L4'V = total pressure versus time. q pge
.s' = aide-on pressure versus time, q gage; qlc - dynamic pressme versus Umr.

" ' Ground Angle of Gage T Peak Arrival Positive Total
Range Orientation Number Overpressure Time Duration Impulse

ft deg psi sea sac psi-8*c

112.01 Charlie 19.142 t- P- 14 10.94 8.26e t t

pr-N t t t t

113.01 Reef East 17.50 112 Pt-7 t.8940 t t

of Charlie pt-2 I t t t

P t-. t t t t

113:02 Reef East 16,970 106 Pt- 2 9.1 6.982

of Charlie pt-211 8.0 6.440 3.413 14.215

1 0 f a6pt-146 11.4$ 1 4.638 21.4I5

,113.03 Reef East 16162 94 Pt- 54 8.0 4.396 M"166 12.442

of Charlie pt-21 12.91 t t t

Pt1 3 8.0 6.413 32.11 12.600

113.04 Reef East 10.323 60 Ps 4N 9.3 6.733 3.451 13.382

of Charlie Pt -1U 9.1 7.191 3.608 12.269

P 4 9.2 6.575 3.802 14.240

113.05 Reef East 17,068 .70 Pt- 7O 7.5 7.415 3.612 12.402

of Charlie pC-122 10.41 t t t

pt-
2

l
9  7.7 3t .735 12.23

Apt - 5 6.6' t t
-P

Apo- S 3.0* 1 t 1
5'- 1.6' t 1 1

113.06 Reef East 18.282 41 Pt- 23 6.7 8.165 3.986 11.955

of Charlie pt-
2 06  6.9 8.692 3.940 12.519

p4-lM 7.2 8.342 .964 12.471

Apo- 3 3`40 t t
P

Apt- 6 2.20 t t t

4q- 4 1.20 t t t

113.07 Man-Made 19,349 57 pi-211 8.7 8.956 3.938 12.208

Island No. 1 pt-
20 , 8.8 8.885 4.108 13.658

P 97 8.5 8.695 4.057 12.066

Apt- 1 8.5 9.494 2.930 •.125

Ape- 7 7.4 9.494 2.864 8.152

1- 2.0 9.496 5.000 0.694

113.08 Man-Made 20,482 I Pt-23 9.56 t t

Island No. 2 P-164 7.2 9.845 4.347 12.585

-pt-204 10.3 1 t t

hp' 5 .0 9.546 * *
qicp- 8 t I t I
q'e.7 a t t tt
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Gaa __ Oround Angle of Gage Type Peak Arival Poitive Total

Number
ft dog pal "a e p5r

""11. Maw-Unatb 23.512 41 Pt"0 6.0 12.138 4.188 11.533

Iiland Nk. pS-221 5.9 12.163 4.L79 11.182

pt-210 5.8 12.362 4.606 11.065

*h"p' - 4 1.1 12.799 4.453 "0.107

.Ap- 9 4.2 12.799 4.332 7.992

- 9 1.9 12.799 9.534 3.54L

113.10 Dog 26,453 32 pC- 23 4.5 14.735 4.363 L.017

-pt- 1 5.11 t t t

P" 61 5.311 t t
API - 10 4.7* 0 t t

Apb- 10 4.1' 13.804 t t

q.- 10 0.6* t t

112.11 Able 30,711 12 pl7208 4.7 1 t t t

PC a' 4.41 t t t

tc 21 4.1 17.153 6L126 10.447

Ape- 11 4.5' t t t

-p,11 4.0o t t t

;' '"11 0.5*t t

115.26 made- 19,349 57 'ap- 12. 8.2 t t
Wool e, . I s.Ap t t t

" q'"12 2.6- . t t

115.29 Ma.-Mad. 20.482 50 La"- 13 7.0 10.61" 4.303 10.531

"hN•od .. 2 Ap"- 13 5.5 10.630 4.054 9.490
"- 13 1.3 10.630 11.500 3.162

115265. A I,•a-a, 23.512 41 Ap"p- 14 t t t t

"mIs, 11. 3 LaP- 14 5.0 12.700 2.124 4.759

Us 2114.2W Ma-M 19.349 LO a'- 98 6.6 1 3.M7I 12.289

"114.23 Jlawd It I Ft- 82 12.41 t t

114.24 pt-13S 9.0 9.LO5 4.433 12.946

u •. * 76 9.8 t 4.017 12.785%

114.5 Man.-Made 20,482 " p,- so 7.4 9.815 4.24" 11.965

114.26 2se.- g.t . 20 7.4 t 4.164 12.390

1142 Ps7- 31 7.2 9.765 4.261 11.939

114.28 Pt-l06 7.1 8.793 4.199 11.182

114.2- p .22 0  7.2 10.027 4.200 11.902

"a'4.2 pt- 41 7.0 t 4.669 12.332

* 114.21 Pt 29 7.7 10.226 4.095 11.101

114.40 Pt-171 7.5 9.574 4.294 12.237

-Que1m2able rec*rd, not preseated in Appendtx Il
f value could am be obtained. 29S... +t Value mac commdere valid.
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gages. From the water pressure measured, the heigit of the water wave, could be deter'miaL -

No dflect•o.• that could be attributed t" water pressure were observed on the records.

3.4.1 Gage Performance. There were TO Pt gages Insatlled for blast lme. measumremeaft
Eight Pt gages were installed for measuring water pressure and two for measur•lg air blast at
the Project 1.5 structure. Three of the close-in Pt gages were blown or wasbed from theiw

*,X - DURATION
'"0 - ARRIVAL TIME

9 - IMPULSE

.J

0' X

15

UX

* 0.

15 2•0 95 30
RANGE, a.U FEET

Figure 3.9 Impulse, arrival time, duration versus distance, Shot Cherokee.

mounts and were not recovered. One Pt gage record disk wau broken and the pieces were so
* small the record could not be salvaged. Four of the 21 disks recovered from the pt gages re-

corded peak pressure only. The same prelnitiation difficulties experienced on Shot Cherokee
were still evident on Shot Zuni.

Of the nine q gages Installed, seven were recovered on the first entry day. The other two
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were not reovep ed until the followirng day, because Ration 115.06 was blown or washed 450 Am
to the rear and was found covered with about a foot of water. The q gage at Station 115.07 Vasdo blown or washedt 40 lea to the awrtbeaa and partially covered with sand At Steatis263

t wa Mountw inplace, but vos bent so the gaMpoInted upwart.. The nos of the gape W
found 150 feet to the rear with no disk on the turntable. The mount at Station 115.11 was Inabe

with the complete gage, but bent back at an angle of approximately 45 degrees. The q gap f1tm
ground zera at Station 156.02 was bent 30 degrees and both forward guy wires were broken. The
gage mounted at an orientation of 45 degrees from ground zero was bent over, horizontal to the
ground, with all guy wires broken.

3.4.2 Air-Blast Pressure Versus Time. There is definite evidence that a precursor-typM
wave was generated by the Shot Zuni detonation. In Appendix B the records of pressure verim
time are presented. The wave shapes at Stations 115.06, 114.07 and 115.07 on the Tare Comlex

Sindicated a precursor was formed and extended to a distance greater than 8,300 feet. The net
station along the TAre Complex was located at 10,400 feet and appeared to be classical ir. sahm
"although there was a slight disturbance at the initial peak. It is felt that the disturbance recods
at this station and at the stations at greater distances along the Takre Complex was a futetk oif
the location of the gage and the roughness of the terrain, rather than the precursor.

The blast line on Site Uncle had considerable washing over the first stations. The moUMs
used on Station 114.10 were used on Operation Castle and were essentially flush with the surbee
of the ground before the shot. One gage at this station had a split capsule and the disk in the
other gage was broken into small pieces and could not be read. The disk from the gage at Ri6l.s
115.10 was also broken and only a peak overpressure is presented. The gage at Station 114.11
recorded a pressure versus time record, but the initial portion of the record was not consided
reliable for any wave shape consideration. It is felt that some of the irregularities In the dee-
ing portion of the positive pressure phase were due to the glass disk slipping on the turntable
because of extreme acceleration. The records from both gages at Station 115.11 show the a-
pected precursor wave shape. Again on Gage 214, it appeared that the disk slipped and csann1
an apparent change in pressure. The initial portion of the two records showed a favorable cm.-
parison. The two gages at Station 115.12 agreed in wave shape and both showed a rounded frot
as though the precursor had not completely cleaned up. Again It appeared that the disk 8lia4V
on Gage 668 at approximately 600 mecc (see Appendix B).

Stations 156.01 and 156.02 were installed for Project 1.5, but are reported in this sectioia
Station 156.02 located at 9,600 feet, was nearer groui~d zero and much closer to the water wer-
face. This station recorded a wave shape similar to Station 115.08, located at 10,400 feet as te
Tare Complex. Station 156.01, located at 9,700 feet, was only 100 feet farther from grouadsemr
but because of the shape of the shore line the shock front had to travel over several hundred
more feet of land to reach the station. The wave shape was similar to that recorded at Matm
115.12, althoughthe peak wasa little more rounded.

The curve of pressure versus distance Is plotted in Figure 3.10 and the peak values are Idied
in Table 3.5. There appears to be some difference in the two blast lines at the higher preamem ,
but the 23 psi pressure level occurs at the same distance on both blast lines. It appears frm
the pressure-time records in Appendix B and the pressure-distance curve in Figure 3.10 tl•
the record from Station 114.11 could be classified as a Type B precursor wave shape, and the
pressure would be expected to be lower than Station 115.11 which may be classified as a Type C
wave shape. See Reference 5 for precursor wave-shape classification.

3.4.3 Dynamic Pressure. The dynamic pressure versus time is questionable on many of b.
records because some of the mounts were blown out of position and others were bent so the W
portion of the positive pressure pulse was striking the gages at extreme angles of pitch. Thu
would tend to lower both the total measured pressure and side-on measured pressure, but at b
the same amount. It is believed that the peak values are reasonably valid, but as can be seem In
Table 3.5 the positive duratiotis are inconsistent. The peak dynamic pressure values have been
corrected for Mach flow and compressibility and plotted in Figure 3.11. The correction appie
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TADlKr &5 MI-W=ff fIM714 =Or

Gag. designation,: pt - side-on pressure versus tim, Pt gage. Ap - IW pressme versus Utme, q ga
A - side-on pressure versus time, q gage. ge - dynamenl pressur4 ,verasg tiUs.

Gage Type • AWVAUI Po Total Corrected
Iws a"mand Overpressure Timesz W h, Dynsan" 5ma

Number iPm.11.,. qe
Spal "a see psi-sec psi

114.05 Sugar 3.160 pt-141 .. . .. lqo Recovered

Pt-
1 2  

- .. . .. ot Recovered

114.06 Sugar 5.096 Pt" 66 67.0 . . ..

115.06 Sugar 5.800 PC 56 47.0 2.20 27.206 t

pt-165 .- - - -t Recovered

Apt - 20 143.0 1.560 0.344 21.444 t
P

Apt- 20 110.0 1.566 6-344 14.91 t

qI- 20 50.0 1.506 0.344 .193 4L.2
c

114.07 Roger 6,9)00 Pt- 36 45&3 t 1.116 12.026 t

115.07 Roger 8,300 Pt-
21 1  

34.6 $ * t

Pt-ll4 35.0 2.146 I.16 19.612 t

Apt - 21 54.0 1.554 2.06• 25.14 t
p

Apt- 21 35.0 1.554 3.106 24.275 t

q-. - 21 20.0 1.556 0.455 5.350 17.5

115.08 Peter 10.400 Pt- 90 20.0 2.732 2.947 17.640 t
Apt - 22 29.4 3.205 "I1T 12.661 t

Ap'- 22 20.9 2.265 0.911 10.047 t

q- 22 6.5 2.265 .642L 2.657 0.2

114.08 Peter 11.700 p,-128 17.2 2.376 2.344 12.229 t
Pt-163 17.0 3.353 2.401 14.704 t

115.09 Peter 13,600 Pt- 26 11.6 - - -

Apt - 23 15.0 5.460 1-58 9.424 3
p

Apt- 23 11.5 5.460 1.470 6.884 t

- 23 3.7 5.460 3.01 3.4660 3.2

114.09 Oboe 16.500 P,_ 9 6.0 5.639 2.612 11.208 t

Pt- 24 6.6 4-249 3.722 1L420 t

114.10 Uncle 4,470 Pt- 11 200.0 . . ..

pt-
2

04 .. ..- Not Recovered

115.10 Uncle 5,090 pt-101 124.0 . . ..- •

App- 24 .. . ..- Not Recovered

.Apt- 24 .. . ..- ÷

q,- 24 .. . .. t

114.11 Uncle 5,920 pt-
2

1
6  

57.5 0.936 L90" 29.441 t

115.11 Uncle 7.020 pt-214 67.7 1.270 L$•7M 25.590 t

Pt-I82 63.3 1.046 LGOd3 21.925 t

Apt- 25 ...- - Not Recovered
P

Apt- 25 .. . .. |

q-25
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Station sif Gomed OW Type PM& Arrival Positiv TOWa aeya
owag Dynamic nomeakaa110 Nuftbar Ovpawiumsm Time Duration aipalam

115.1 LWale 9j V -~104 M2. 3kin z.53 11.135 t

35l 2 22.5 214 .35 290

A'26 24.o - - -

£ps. 2T 32.8 tim -

114.4 NO-i7 - - 11.

156.01A Unl 96&3 IJ 46 2.13" . 11.6

156.01 Uncle 9.636 4e-120 ol 2.8 I.3 L772 &516. 1t.

*PApesr wj b aine .2 S7. Value no coslee v

was fo clean air an an ad ud rwrlaigwsntcniee.Tebatwv a
to~~~~~~p trve ovracniealeln rat eahSain151. tsol ente8httedn

ic resur mesued t Saton 1512., lo.te6a 9,8 fee inte 1eeatdara asmc

grae thPan theaae value recorded. vatu Sttonl 1a602 whic wjasu 280 feadeta neare ron er utna

50 O SITE UNCLE

too 0~T 0 IT TR
SITE UNMCLE ;.i IIETR

a.1 1111

GO 1456.02

to,
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3.4.4 Arrival Time, Duration and Impulse. The corrected values ed arrival time are listed
ishlk 35% sa" plotted in Figur LIE2 -There i so Scm atter at arrixLs Uwen, &alhugh Stow.
ti" 115.0?, at 8,300 feet, is the only value which falls oetutde the expected spread for thIs sho.
The values d positive duration are also plotted in the same figure. There is considerable ncat-

5.'

a - POSITION DURATI1ON-W"E
0 - POSITION DURATION - TANK
0 - AIMIVAL TIME - UiCL_
o - AiRIVAL TIME - TAM

. /-
*aa

C U

0 . . ..It•6 0 . , I0 r
* lANiE, *e E1[[1

FIVAre 3.12 Arrival time and positive duration versus. distance, Shot Zuni.

ter In the data points but this was expected since it appears from some of the records that the
glass disk slipped on the turntable causing a shift in base line which changed the positive duration
of those' recerd.

The total positive impulse it listed in Table 3.5 and plotted in Figure 3.13. There Is much
40

39

•00 TANK

4 4 a 10 Is It of
*•AM", I08

Figure 3.13 Total impulse versits distance, Shot Z.uni.

less scatter of the impulse values than the duration values. The dynamic pressure impulse' values

huave not boom plotted becauose It is flt[ they would be misleading. Some of the q gages were dis-
placed great distances and many of the mounts were bent, which changed the angle of orientation
of the gage axis and the shock front and,caused the measured pressure to decay at a rate other
ta sam-raL
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311 SHOT YUMA

Shot Ysuma was detonated g a 200-.oot he*M at busL The predicted yb*M m approiniaate1y
U.O kt with an upper limit of 2 kt., The actual measured radlochemical yield was 0.188 kt. Mst

Ta"ma was the first fractional-kiloton device to be detonated at the EPG. Therefore, it afforded
m opportunity to expand the knowledge of blast phenomena resulting from smPeL nuclear detona-

3.5.1 Gage Performance. Because of th. small yield, the expected duration of the positive
pressure pulse was extremely short. Therefore, a higher speed was used to drive the turntable.
A 3-rpm motor is normally used'for medium and high yield devices, but to gain better time re-
solution a 10-rpm motor was used for this shot. The 10-rpm motor appeared to be more sensi-
live to acceleration than did the 3-rpm. The measurement of pressure versus time was not
recorded by some of the gages because the motor apparently stopped just after the shock front
the gage and then started again during the decay of the positive pressure pulse. When this hap-
pens the positive duration and impulse values are lost.

3.5.2 Surfacc Air-Blast Pressures. The blast line for this shot was only 1,000 feet long.
Therefore, the arrival times were short. Because of the start-up time of the motors it was
"ecessary to correct the arrival time and also the positive duration. At the close-in stations
the motor was still accelerating to attain a constant rpm during the arrival tline and the positive

.dration. The peak overpressure values listed in Table 3.6 are plotted in Figure 3.14. Four
extra Pt gages were installed for Shot Yuma to test new initiation circuits. The circuits were
dependent upon nuclear radiation for initiation rather than thermal or light. One gage out of the
three worked and the fourth gage was not recovered. Refinements will be made and the new
circuits will be tested on future operations.

There was considerable scatter between somie measurements made at the same distance. At
present no explanation can be found for the difference in the two Pt records from Stations 115.01
and 115.02. These records do not fall within the normal scatter expected from two gages at the
same distance. Average values of peak overpressure are plotted in Figure 3.14.

3.5.3 Dynamic Pressure Measurements. The q gages showed evidence o0 extreme accelera-
tion and all records with the exception of the last station were reliable for peak pressures only
and not for duration or impulse. Most of the gages started but when the shock front arrived the
turntable slowed down and then started again or stopped completely. The peak recorded dynamic
pressure values, with the corrected values, are listed in Table 3.6. The corrected values are
plotted in Figure 3.14.

3.5.4 Arrival Time, Duration and impulse. The recorded values of arrival time, duration
and impulse are listed in Table 3.1; The arrival times and durations are plotted in Figure 3.15.
Corrections for the lag in motor start-up time have been applied to the arrival time, duration,
and impulse measurements where applicable. Only one value for dynamic impulse was recorded,
and it is listed in the table but is not plotted. Although there appeared to be some scatter of
values plotted in Figure 3.15, It must be noted that these were extremely small units of time and
distance.

Values of impulse are plotted and presented in Figure 3.16. All points with the exception of
two values show a good trend.

3.6 SHOT INCA

Project 1.1 instrumented Shot Inca to back up the electronic measurements being made by
Project 1.10. The gage pressure transducers were selected based on a predicted yield of 7 kt.
The actual radiochemical yield was measured as 14.8 kt. Whenever the actual yield of a device
becomes approximately 100 percent greater than predicted, it poses many problems for the proj-
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TABLE 3.6 AtR-BLAST DATA, HOT YUKA
OW ",sigratloaft pt" -sde-on pramm, veraw ,,nw. pt Ipg; ApO - l presr verss Urns. %&I"

\ ".' ~~Aj)l - side-on prvessure ver~su~s_ time, ql gage; q•c - dynamic Presuure vvraue time.. ..
• "'"Gagfe Type Corrected

; .. •Peak Arrival PositiveStation Site Distance and Impulse Dynamic Remarks
Number Pressure Time Duration Pressure q. ..

-f psi Sac see psi-seo pal

114.01 Sally 0 p1-
2 0 2  

- ... Not Recovered

Pt- 75 - . .. Not Recovered

118.01 Sally 151 Pt- 49 107.0 .... 4

pt- 7
6  

58.0 .....

Ap' - 16 63.0 -- -t

p
Ajp'- 16 82.0 .... t

113.02 Sally 251 pt-
2 0 1  

33.6 - 0.038 0.227 -

pt-106 42.4 0.065 0.047 0.609 -

-pip. 19 67.9 0.064 0.051 0.964 -

Apo- 19 38.4 0.064 0.050 0.637 -

qo- 19 29.5 0.,064 0.051 0.320 24.6

115.03 Sally 363 p-. 53 24.0 - - --

Pt. 63 26.0 0.110 0.077 0.540 -
Ap' - 15 35.2 tt

p
Allp- 15 24.9 t t t o
q'- 15 11.0 tt 10.0

115.04 Sally 401 pt-137 21.0 0.150 0.092 0.499 -

N Ap'- 1 35.0 0.143 - - -
p

Ap' - 17 18.7 0.143 - - - t

410- 17 30.4 0.143 - - t

114.02 Sally 501 pt-136 14.1 0.184 0.083 0.337

115.t,5 Sally 604 Ptg- 9 111. 0.290 0.156 0.512

Ap' - 10 13.1 0.256 0.135 0.467
A p

Apo- 16 10.6 0.256 0.131 0.419 -

41- 18 2.5 0.256 0.115 0.068 2.2
c

114.03 Sally 803 Pt- 67 6.4 0.437 0.164 0.356 -

114.04 Sally 1,000 Pt- 98 4.8 0.547 0.159 0.270 --

118.01 Sally 151 pt-1
67  

- - - -.

115.04 Sally 401 Pt- 40 25.5 - -.

114.02 Sally 501 Pt- 27 18.2 - 0.082 0.325 -

114.04 Sally 1,000 PtC 73 4.7 - - -

0 Peak pressure only obtained.
t Value not considered valid.
I Questionable record. not presented in Appendix B.

37

SECRET

'S.



tIt

INC

09

0200 0

-L 
- - !A : - - I



set personnel ass kged the task of dae. reduction amawalsygu. ime of those problem wil be
pointed out in the following sections.

.. 6.1 Gage Performance. The gae performance hbr this shot w•e good aem Am the OWtbt-
tion of the gage was concerned. Of the 20 blast-line gages installed, 2 gave peak pressure only.
The same percentage of failure was noted for the q gages where one out of ten failed to start.
Ten gages with experimental initiation circuits were Installed and one out of the ten laitiated.
These were dependent bn nuclear radiation for initlanom and the one that started was at 1,160
feet. On Shot Inca, a failure of q gage mounts similar to that noted on Shot Zuni was experienced.
The stations at which the mounts failed and the approximate angles they were bent from the ver-
tical are also noted In Table 3.8.

'.. 3.6.2 Surface Air-Blast Pressures. Two blast lines were instrumented for Shot Inca. One
line consisted of five stations along a vegetated line and the other line cunsisted of five stations

at similar distances along a cleared line. There were two regular Pt gages at each station and,
one q gage at each station. Many of the pressure sensitive capsules were permanently deformed

,oo , •.- O-CLEARED *INV-

sO * -VEGETATED LINE 40-o'

- -\ 40-
""X so

w• ,•.••40 t
LU 30

- - 1I* 3 ,.~ - -I

Il - VlISEYtT*T
4C - - I AW

6 to 20 30 40
RANGE. 10s FEET ' • • 201555

Figure 3.17 Peak overpressure Figure 3.18 Corrected peak dynamic
versus distance, Shot Inca. pressure versus distance, Shot Inca.

because of the excessive pressure experienced. Attempts were made to calibrate similar cap-
sules and determine the pressure required to record a similar deflection. This procedure was
felt to be fairly accurate for peak values but capsules overstressed beyond certain limits would
not return to zero deflection at zero overpressure and similar capsules would not decay at the
same rate. Therefore, only the curves of pressure versus time which are felt to be reasonably
accurate are presented in Appendix B, although the peak values are used in plotting. The values
of peak overpressure are listed in Table 3.7 and the mean average of these values is plotted In
Figure 3.17.

i There appears to be a definite separation in the two curves of pressure versus distance pre-
sented in Figure 3.17. The values of peak overpressure along the cleared line are higher than
the values along the vegetated line with the exception of Station 115.19 at 1,450 feet from ground
zero. Some values of pressure plotted along the cleared line represent as many as four meas-
urements, since certain stations had four pt gages installed. A mean average was plotted for
these stations.
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TADLE X.7 AUt.DLADT DATA, SHOT WNA-

Gap desigssatims: Pt - ide -on prensuft waras. ut.. ft gom &54. -ea U Pressur versus tINDqua.
IV side-u. pressure versus tinte, q saar. q*. 'qa rsep ve~ versus tinw..

Cruuss Tn-Aria untv Tetai Currectia
*tallow site naa A-4 *.l rial P~t Dynamic memmaOS

fume X.Wbdý O(apespsurc Tatne 1)uraiium nn rso-4 Vdi see psi -sca pai

113L14 Pearl, Cleared 100 P,-ise A". 0.103 0.344 3.766

t115.10 Pearl, Cleared 1,160 p411. 6 0.170 4.381 4.45"

113.16 Pearl, Cleared 3.310 pt- A* M 0.242 0.320 &3.3 -

p*Id 21. 0.2941 0.403 4.227 -

v-WAG U9S - - -

113.20 Pearl. Cleared 1.4110 PS- 47 MI 0.305 0.404 &.25 -

Pt 27 2. 0.326 0.391 *-

pt-lEO MA - - -.

111.27 Pearl. Cleared 1.60 pt- Ms - - - *

=4U. 0.423 0.439 3.114

P.
6 5  

U.S - --

1I23.2 Pearl. Cleared 2.130 P 74 U 1. - --

113.29 Olive 2.640 Pt. 4 1&1 -

113L29 Olive, 0 dogrees 2,110 3pW - ii. MI .063 41.14 2.301
- p

5W 9 1442 LOOM3 9.5111 2.048

. 2 egus 240 V 1 A. 1.056 0.500 0.320 -.

41 dlegrees 2,440 h 17 1.140 0.514 1.089 -

A10- 14 ILA 1.1960 0.541 1.614 -

1.1 L7 1.196 1.4IS 0.4306 -

40 degrees 2.440 sop-19 1 1.7 0.6 1.6 -

iP E0 9 1.275 0.57? 1.601 -

Be- 16 31 3.7 .601 0.0663,1

215.13es Perl VeeSte 30 p-
0  

65 1,240 0.214 0.307

60der~v 2.4 Ae-x -* L 1.7 0.3 1.7

115.13 Pearl. Vegetat~ed f,10 pt 1-6 9". 0.100 0.293 3.377

* 113.17 Pearl, WSMe 1,100 PCI MtS" 0. lJ 0.9 L7

-s 3 4 - - -

115.21 Pearl, Vegetated 1.4"0 V.- 40 210, 0.3"~ 1.4"6 L.63

p -ms. a"3 0.350 (-.410 &1"6

CCapsule split or lilt st"; Mauss mat ooo~drsed gab
t qwaetlotabl* record; not pi escetd is Apaeb AL
t Peak pressure osly o6tassd
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TABLE I.S DYNAMIC PRESSURE DATA. SHOT INCA

-Gq 4sdo. pt - aide-on pressure versus time, Pt gage Apt- total preShme, vsurqs time, q pm
Ap' = sid,-em pressure versus time, q pge qe - dynamic presr m ra s, t•.m.. .

Ground Gage Type Peak Corrected Mount
Sse and Pressure Dynamic Displacement

Rg Number Pressure, qc from Vertical

ft psi psi deg

115.14 Pearl. Cleared 900 Ap0 -19 181.0 -

- -p
Apt-19 90.0 - -

q0 -19 96.0 74.3 90

115.16 Pearl. Cleared 1,100 Apt - 6 198.0 * C
p

Apt- 6 61.7 - -

q a- 6 136.3 92.8 30

115.11 Pearl, Cleared 1,360 Apt -15 54.0 - -
p

AP.p-15 46.0 - -

q -15 20.0 17.5 0

115.29 Pearl, Cleared 1,450 Ap'1-14 47.6 - -
p

Apl-14 31.0 -

qc-14 37.0 - - 0

115.27 Pearl. Cleared 1,600 Apt - 8 49.0 . -

p
Ap'- 8 26.0 --

q t - 8 23.0 19.4 0
C

115.13 Pearl, Vegetated 900 App- 3 141.0 -

Ap- 3 - - -

qc- 3 - - 90

115.15 Pearl, Vegetated 1,100 apt - 5 115.0 - -
p

,, Apt- 5 71.0 - -

q'"- 5 44.0 37.6 30

115.17 Pearl, Vegetated 1,310 Apt -17 53.8 - -
p

Apt-17 - -

qf -17 - - 15
C

115.19 Pearl, Vegetated 1,450 Ap, -18 51.0 -
p

Apt-is 29.0 --

q- -18 22.0 1. 0

115.21 Pearl. Vegetated 1,600 Apt -12 - --

Apt-12 27.2 - -

qt -12 - - 0

"Peak pressure only obtained.
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S.6.3 Dynamic Pressure Measurements. Dynamic pressure measurements made along b101
blast Lines are questionable ifr pressure versus time values and in many cases the peak dynamis

S-pressur values are also qstionable. Th bgher-than-expected yield ad stroag preemuuw
were the factors contributing to the poor-records. The q gage mounts at Stations 115.13, 115.14,
S115.15, 115.16 and 115.17 wez-e'all bent back at various angles, which pointed the nose of the q

% gage upward. The response of the q gage mount is not known experimentally but calculations
based on dynamic pressure and the mount configuration show that at dynamic pressures of from
300 to 400 psi the gage mount may tilt back 15 degrees within 20 msec, while at dynamic pres-
sures of from 20 to 30 psi it would take 80 msec to bend 15 degrees. It is felt that a change Is
orientation of 15 degrees would appreciably change the dynamic pressure recorded by the BRL

. q gage-

Peak dynamic pressure v=~aes are questionable at many stations because of the overstressing
of the pressure sensing capsres. Some capsules were permanently deformed, which mad It
impossible to determine the pressure from the over-calibration of a similar capsule. The peak
overpressure values of the Wtca and side-on elements are listed in Table 3.8. The maximum
corrected difference between the two records has been plotted in Figure 3.18.

3.6.4 Arrival Time, Positive Duration and Total Impulse; - Corrected values of arrival time,
duration, and impulse are listed in Table 3.7. The curve of arrival time versus ground distance
is plotted in Figure 3.19. It must be assumed from the curve that there wvas no appreciable dif-
ference in the arrival time aioag the two blast lines.

The values of positive durnion are plotted in Figure 3.20. There is a considerable scatter of
points and it is difficult to see any trend or difference between the two blast lines with the excep-
tion that there is more scatter along the vegetated line.

With a difference in pr~esszre along the two lines and the scatter in positive duration along the
two blast lines, a great scatter was expected in the impulse values. Only one value appears out
of line in the plot of impulse values in Figure 3.21. The impulse va.luep do nch follow die usual
trend of decreasing with distance, since the values at 900 feet on both lines are lower than those

•~ at 1,100 feet.

3.6.5 Orientation Eff ect ce the BRL q Gage. All q gages installed on Shot Cherokee were
subjected to flow in direction other than along the axis of the gage. It was thought that some of
the records could be interpreted if the effect of the angle of orientation could be determined.
Four q gages were installed for Shot Inca at a distance of 2,640 feet on Site Olive. The angles of
orientation were 0, 32, 41, and 50 degrees. These angles were chosen to match the gages at Man-
Made Islands Nos. 2 and 3 and Site Dog. The measured values for the gages are listed in Table
3.7 and the curves of pressure versus time are presented in Appendix B. From these curves th1
difficulty in applying any correction factor to the measured pressure at a given angle to obtali
the 0 degree conditions is quite obvious. It is felt by the authors that computing dynamic pr'es-
sure versus time from the records measured at ground baffle gages would better represent the
input conditions than attempting to correct the measured dynamic pressure by any angle of ori-
entation factor.

Si
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'4.

Chapfer 4
DISCUSS/ON

SURFACE AIR-BLAST DATA

fA. .r-.blast measurements recorded by the Pt gages were surface measuremerls, Wl the
exceptiz,. • the reef stations where the gage face varied from 2 feet to 6 feet abowe the vWer
surface, at.. .-Oing or, the tide. The measured values of overpressure, duration, arrivali um
and impulse h&:.': , ,n scaled to 1 kt at sea level, usin-g ambiont conditions at burst hOL
These scaled vatu,.- -,. 'e been tabulated for the various shots and presented in Tables 4L1
through 4.6. Shot Cher.- .. "alut•, were also scaled using the modified Sachs sc4lft
the ambient conditions at thi- tl,: .e. are consiaered. Because of the yield and betl ed Imvst
the shock front traveled most o t:. distance along surface and it*ls felt that using the aslest
conditions along the surface may oe a •.•-e logical approach.

4.1.' Surface. Bursts, ShoWs Lacrosse w)-,1 v -uli. Both ShotS Lacrosse and Zuni were esasid-
ered surface bursts and on both shots a preý :rvur -.". documened izi the higher pres.n region.
The precursors formed at the NTS appeared to be stronger and a clean or classical "we shape
was not realized until the 6 to 10 psi region was reached. The precursors formed at the nE
died out sooner and a classical wave shape was realized at a higher pressure level, 35 psa a
Shot Lacrosse and 20 psi on Shot Zuni. It should be noted that a precursor has not beeasdmcs
mented from a surface burst at the NTS, and therefore no direct comparison could be m=d.

The extent of the precursor cycle is a function of both the yield and height of blrste As the
height of burst Is lowered the angle of incidence of the thermal radiation is increased a there
is less heating of the surface at the greater distances. Therefore, for surface and sawr seface
bursts the precursor will complete Its cycle sooner and a classical wave shape will Apemr at
shorter ground distances and higher pressures than would be expected for the sumeme y athigher heights of burst.

Comparisons of va'nes taken from the curves of pressure versus distance for Md laeraige
and Zuni are presented in Figure 4.1 where they are plotted with the height of burit eurwvs for
an average surface taken from TM 23-200 (Reference 4). Only the Site Tare blast 11M I efns-
sidered for this comparison and, as can be seen, the two shots showed ltle seatter. The A,
scaled values for average overpressure, dynamic pressure, arrival time, d rAtio., and Impulse
for Shot Lacrosse are listed in Table 4.1. Similar values for Shot Zuni are listed is Tale 4.2.

4.1.2 Air Bursts, Shots Cherokee, Yuma and Inca. The first air burst of the series nru-
mented by Project 1.1 was Shot Cherokee. Unfortunately, the upper range of presmre mmasured
was below 11 psi aid the lower range was greater than 4 psi. Therefore, the range of pessure
was small but the number of records and the documentation was extensive. Peak over•essure
values were A-scaled using the Sachs scaling method and plotted in Figure 4.2. Posts from the
curve in Figure 4.2 are plotted in Figures 4.1 and 4.10, where the comparison wih the average
surface and good surface height of burst curves can be seen. The indication here is a a parti-
cular pressure level extends to a greater distance than would be predicted from the average or
good surface height of burst curves. The scaling is b2#ed on a yield of 3.8 MI, allboo there Is
a t 0.3 spread. If a yield of 4.1 Mt were used in obtaining the scaling factors, It oulid move the
values much closer to the average and good surface curves, but the trend would ..11I be Is the
same direction. The average values from Table 3.4 have been scaled using the straWgu &Abbs
scaling and listed in Table 4.3 and plotted In Figure 4.2. The same values from Table 3.4 were
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TABLE 4.1. A4%CAL= AIRBLANT DATA* LA11O
4

Ground Peak Anted fitv. TOa Writhed
stao sif Ran Pressure Tie tion Impulse cPressure, q

Af Ps -a "a pal-am psi

114.11 Yvonn 310 136.0 4141, 6110 1:544
115.22 Yvonne 472 564 - - - 7L?
115.23 Yvonne 579 34.1 0.6 0.162 1.226 15.3
115.24 Yvonne 742 19.I 6422 0.197 1.077 -

114.14 Yvonx 623 15.0 0.2M6 L217 1.010 -

115.25 Yvomn 995 10. 4.3@0 4L465 0.860 2.3
115.31 Yvonae 1,1386 .46 621 -

114.16 YVOWW 1.300 - .01, &.2"1 -

.1 24 Yvonne 1,544 4.1 &Mt6 6.313 - 46'
114.19 Yvonne 2.094 - .-- - -

TABLE 4.2 A-SCALED AIR-BLAST DATA, S•OT 2

Wrud Pa nal ,., ~W Corrected
-Range OvPerresasur Tho lDuratleo Impulse

_Pressure, a•
ft pal am an psi-seo psi

114.05. Sugar 207 .. ...
114.04 Sugar 334 47.2 . ..
115.06 Sugar 380 47.3 - 4.11 1.797 48.3
114.01 Roger 452 * 45.5 - - -
115.07 Roger 544 J4.2 4.1.81 0.142 1.304 17.6

115.04 Peter 661 20.1 0.10 0.192 1.161 L2
114.06 Peter 766 17.2 ft. 4 &110 0.92 -

115.09 Vetef 9u 11.4 -& '2 - .3

114.09 Oboe 1,061 0.2 6.211 0.248 0.744 -

114.10 Uncle 293 200 - - -

115.10 Ukc:le 333 124.8 . .- -

114.11 Uncle 386 57.7 0e6 0.128 1.932 -
115.11 uince 46 6&8 $lm 0.10o 1.443 -

115.12 Uncle 447 23.0 0.26 0.164 1.126 11.9
156.01 Ucle 636 21.4 - 0.173 1.171 17.0
150.02 Uncle 429 2M1 c,1 0.168 ,l.007 11.1

Capsule overstressed.

TABLE 4.3 A-SCALED AIR-BLANT DATA. MM CMMES

md Arrival Positive TOWa
station Site RAWTron IApols

it. JnI am0 5 pal-am
112.01, Charlie 1.106 1" .49 - -

113.01 Rcefe Last of Charlie 1.00 -- 0.117 -

113.02 - Reef East of Charlie - l,6 1." 0.406 0.206 1.003
113.03 Reef East of Charlsm 94 Its 0.367 0.192 0.114
113.04 Reef East of Charlie 94 1S 0.413 0.213 0.941
113.05 Reef East %d Charlie 2,029 6 0.449 0.22. 0.880

113.04 Reef East of Charlie 1,113 - 8A 0.509 0.240 0.849
113.07 Man-Made Island No.1 1,17" M0.4 0.551" 0.245 0.9001
11.06 Mar-Made Island 14o. 2 1.247 2 0.569 0.25i 0.841
113.00 Man-Made Island No. 3 1$41 6. 0.748 0.285 0.796
11.10 Dog 1'm 5S 0.891 0.295 0.637
113.11 Able 10'10 4 1.038 0.371 0.73$
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TABLE 4.4 MODIFIED SAC$s scALU,, SNOT CHExROKF

Peak Arrival IFoik1m Tg '

bate. Site • Overpressure Time Duration Impulse

S psi seC see psi-ser

112.01 Charlie I.= 10.9 0.528 - -

113.01 Reef East of Charlie 1.316 - 0.442 - -

113.02 Reef East of Charlie 1,.00 9.5 0.430 0.219 0.915
"113.03 Reef East of Charlie Im 8.0 0.410 0.203 0.806
113.L04 Reef East of Charlie 1.04 9.2 0.438 0.232 0.858
113.05 Reef East of Charlie 1,82 7.6 0.475 0.236 0.803

113.06 Reef East of Charlie 1,128 6.9 0.539 0.254 0.793
113.07 Man-Made Island No. I 1,B 6.9 0.584 0.260 0.826
113.08 Man-Made Island No. I 1.361 7.3 0.624 0.274 0.771
113.09 Man-Made Island No. 3 ijW 5.9 0.792 0.302 0.226
113.10 Dog 1.@U 4.5 0.944 0.313 0.581
113.11 Able 1_90 4.1 1.100 0.393 0.671

TABLE 4.5 A-SCALED AIR-BLAST DATA, SHOT YUI&A

Peak Arrival Positive Total Dynamic

Station Site Distance Pressw Time Duration Impulse Pressure. gp

fR sec sec psi-see psi

114.01 Sally 0 - ....
115.01 Sally 262 83.5 - - - -

115.02 Sally 436 31.3 0.114. 0.082 1.082 25.1
115.03 Sally 831 24.3 0.1S3 0.135 0.959 10.1
115.04 Sally 496 23.6 0.263 0.161 0.886 -

114.02 Sally 870 14.9 0.284 0.146 0.588 -

115.05 Sally 1,049 11.O 0.509 0.275 0.909 2.2
114.03 Sally 1,395 4LS 0.766 0.288 0.632 -

114.04 Sally 1,737 4.9 0.959 0.279 0.480

TABLE 4.8 A-SCALED AIR-BLAST DATA, SHOT INCA

Grmmd Peak Arrival Positive Total
SRane Overpressure Time Duration Impulse

At psi see see psi-see

115.14 Pearl, Cleared 35 89.0 0.043 0.141 1.558
115.16 Pearl, Cleared 446 57.7 0.069 0.156 1.843
115.16 Pearl, Cleared s52 34.9 0.111 - 1.574)
115.20 Pearl. -Zleared 58 28.0 0.131 0.163 1.376
115.27 Pearl, Cleared on 23.5 0.173 0.178 1.310
115.28 Pearl, Cleared a4 15.6 - -

115.29 Pearl, Cleared 1.011 11.0 - - -
115.13 Pearl, Vegetated 365 81.0 0.041 0.105 1.380
115.15 Pearl. Vegetated 446 47.6 0.074 0.204 2.288
115.17 *Pearl, Vegetated 552 34.6 0.110 0.134 1.032
115.19 Pearl, Vegetated w65 29.3 0.129 0.189 1.5c4
115.21 Pearl, Vegetated 6 18.2 0.149 0.181 1.240
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Salso scaled using Sach modified scaling and these values are fltaed fo Tabte 4.4 and plote a
Figure 4.3. The curve drawn in Figure 4.3 was taken from ideal height of burst curves as do-

Lined and discussed r -'i--7sa Rferesee ). Them I& exceleot enrelai~a betweee L.k
, -eight atburst case and'the modified kclw sewuew-.

W, Shot Yuma was the fourth shot instrumented by Project 1.1. The measured values have been
scaled to I kt at sea level and listed in Table 4.5. The scaled pressures are plotted in Figure 4.4,
along with a curve from the ideal height of burst curves and the average surface height of burst
curves. The measured pressures fall between these two curves, and it would appear that the
validity of scaling fractional kiloton devices is verified. The scaled pressures have also been
plotted in Figures 4.1 and 4.10, where the comparison with other Operation Redwing shots can
be seen.

S ALED 0 E VA
80 , - 0 IDEAL HOB

so If. AV. SURFACE H08. CURVE•" 60

n. 40 "

30 -_!" \%
6. "

4 6

I 2 4 6 10 20 30

RANGE, 102 FEET

Figure 4.4 A-scaled pressure versus distance, Shot Yuma.

The ground surface pressure measurements recorded on Shot Inca have been scaled to 1 kt,
using the Sachs straight scaling or A-scaling. The values from both surfaces have been plotted
on the average surface and good surface height of burstcurvesin Figures 4.1 and 4.10 to show the
comparison with the other shots. The comparison of the cleared line with the height of burst
curves for a good surface is better than the cormparison with the average surface. The vegetated
line compares well with the average surface height of burst curves, although a vegetated line
should be considered a poor surface.

The pressures have also been scaled and plotted in Figure 4.11 and 4.12, along with good and
average aurface curves of pressure versus distance.

4.2 DYNAMIC PRESSURE MEASUREMENTS

BRL q gages were installed on all shots in which Project 1.1 participated. The gages appeared
to give reliable peak readings frQm the total and side-on pressure elements. The difference be-
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tweert the two mesurnd pr•emro Is def•led w the uneorrected dy•nmic p ressme. In* ii'mb
pressures have been corrected for Mach flow, compressibility and gage'conflguration and oei-
aed wfth the thoretcal. value of �j p u2, whick Is eressed in terms of side-ou preseu IN

the equation•r.

"2.5 (P)' (42.)
i,•:? Ps+ 7P,

Where: P. = Peak side-on overpressure

P0 a Atmosphere pressure

4.2.1 Dynamic Pressure from Surface Bursts, Shots Lacrosse and Zuri. The free-air
pressure-distance curve from TM 23-200 was useu as a basis for calculating an A-scaled dy-
namic pressure curve. Using the free air f,: a I kt yield, a free-air dynamic pressure curve
for a yield of 1 kt was calculated from e , tion 4.1. The 1 kt free-air dynamic pressure cume
was then scaled to an equivalent yield ( A.6 :t and plotted in Figure 4.5. Th• scaled values of
dynamic pressure measured on Shots Lacrosse and Zuni are plotted in the same figure. Sine*
Shot Zuni was almost 1,000 times greater in yle!.4 than Shot Lacrosse and the yield vwlues were
arrived at by different methods it would app .. that the scaling laws have been varified and the
1.6 W theory fits the measured data better aian the 2 W theory.

4.2.2 Dynamic Pressure Measurements from Air Bursts, Shots Yuma, Cherokee and IaW'-.
The dynamic pressures measured on A Yuma have been scaled to I kt and pi'ttci-a iv Fiepire
4.6. The side-on pressure fiom th, und surface Pt gages did not fit ths average surface or
ideal height of burst curves and thern. re the dynamic pressures were not expected to fit aq
height of burst curve. Values of dynamic pressure were calculated from the mep'sured curve i
Figure 4.4 using equation 4.1. This curve, along with the measured values s 1 kt, I
presented in Figure 4.6. The correlatic. is excellent.

The dynamic pressure measurements . ie on Shot Cherokee were considered a total los
The decision was based on records from L. t Inca where three gages were placed at angle?• Bal-
lar to tnose on Shot Cherokee and results siowed that any attempt to establish a cor'rectoi fadýw
was impractical.

Dynamic pressure measurements made along the bla.-" lines on Shot Inca were all qaestsi-
able on two counts. First, the pressure capsules were overstressed to such an extent that a.,
method of recalibration or establishin"-. similar calibration curve from another capsule was
questionable. Secondly, the q r.ge ry unts failed at tbv close-in stations and therefore as
values of pressure versus Ltme were a!so of doubtfil value. The peak dynamic pressure value
from Shot Inca has not beer. scalt and cw,-,pared with other shots.

4.3 TIME OF ARRIVAL Wi-ASU716MENTE

The time of arri I of t0e shock front at . e various horizontal ranges for the tire shots hims
been A-scaled ani piottv' Ik. tl-, form of height of burst curves In Figure 4.7. The time a air .Wj
cures from Refer .nce 4 arc also presenti.. In Figure 4.7 for comparisou. Most of the idts
plotted show ar. val ýimos le';s than indicated frorm Refer-ice 4 which, if true, means th there
is still someine a ,, the thning mechanism that has not been accounted for.

4.4 DUR."''OI"! MEASUREMENTS

The durn'lons o' the positive pressure phase o, the shock waves produced by the detonatoma
of the 2• -•,-us shots, have all been A-sca id and plotted in Figure 4.8 with the height of burst
curves fr-ii Rieference 4. There is contLderable deviation from the established curves bui there
was also a wiJ, range of yield&; an round surfaces which would contribute to the scatter.
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Figure 4.11 A-scaled peak overpressure Figure 4.12 A-scaled peak overpressure
.4 versus distance, Shot Inca. ver'sus distance, Shot Inca.

4.5 POSITIVE IMPULSE MEASUREMENTS

The total Impulse of the presswre time curves have been A-scaled and plotted in Figure 4.9.
Since there are no impulse-beight of burst curves in Reference 4, the points have been connected
where possible and where the curves are in doubt, dashed lines ihave been used.
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CONCLUSIONS ond RECOMMENDATIONS
5.1 INSTRUMENTATION

The instrumentation of the five shots during Operation Redwing with the BRL self-recording
i:-. gages achieved a high degree of success. Failure to obtain measurementA at some stations w"

usally not a fault of the gage alone but a combination of other factors such as bad yield predlc-
tWas, error in positioning the device, and environmental extremes.

ielf-recording instrumentation has proved to be extremely valuable for making a large num-
ber of measurements over long ranges under extreme environmental cenditions.

300 - -
SCA$S"LE- - SHOT I

"A SHOT I
200 a a SHOT 3

4 SHOT 4

ISO. SHOT 3150 •:•, • SHOT 6

100 RE9rWWW- LACROSSE
so & ZUNIS,.• -FREE AIR CURVE
o0 SCAED TO Y XTi • ,o ,

t ,o"!:I 3C - ,-

io V

4 I

3-
3S -- -

2 3 4 5 1 0 10 15 20 30 40

RANGE, FEET
Figure 5.1 Comparison of Operation Redwing
and Operation Castle surface shots with 1.6 kt
free-aLr curve.

The design of the gage was satisfactory although a more relia"ble electronic initiation circuit
and thermal link is desirable.

"5.2 AR-BLAST PARAMETERS

There was a wide range of yields and heights of burst during the operation and the following
ceclusions were drawn from the data presented in this report.
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5.2.1 Precursors. Two surface bursts were instrumented by Project 1.1 and a precursor
was documented on both. Shot Lacrosse (37.8 kt) and Shot Zuai (3.5W Mt) were both scaled to
I kt and it w" foud that an the smaller yield shot the precuromr clared up much sooner indicas-
ting that the formation and extent of a precursor is a function of yield. On Shot Lacrosse a clas-
sical wave was recorded at a scaled distance of 579 feet, and on Shot Zuni a classical wave was
recorded at 681 feet on Site Tare. The strength of the precursor was also a function of the height
of burst at the lower scaled heights, that is from 0 feet to 100 feet.

5.2.2 Yield Determination. The radiochemical method of determining yield was used on the
surface burst Lacrosse, while the hydrodynamic method was used on the surface burst Zuni.
The values of peak overpressure and dynamic pressure from both shots were scaled to 1 kt and
"the correlation of pressures at similar scaled distances was excellent at distances beyond the
effect of the precursor. This correlation helped to further establish the validity of the two
methods of determining the yield.

5.2.3 1.6 W Concept. The peak overpressure from the two surface bursts was scaled to I k
and compared with values from surface bursts on previous operations (Reference 1). The agree-

merit between the two operations is good as shown in Figure 5.1. As pointed out in Reference 1,
the empirical value of 1.6 W is a more realistic value than the ideal 2 W concept when using a
free-air curve of pressure versus distance for predicting the peak overpressure to be expected
from a surface burst.

_ 5.3 RECOMMENDATIONS

S""It is recommended that a statistical number of gages be employed whenever precursor pho-
nomena is measured on future tests, since the formation of different phases of the precursor
cycle occurs over a relatively short range. A greater emphasis should be placed on the meas-
urement of dynamic pressure within the precursor region because of the increased damage caused
to structures and equipment exposed in the zone of precursor action.

-. 9

0
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Appendix A
INSTRUMENTATION DESIGN

A.1 INTRODUCTION In Figures A.2 and A.2. They consist of tue setehd

Self-contained. direct-recording gages for theham.wlddtgte n sle-odn
measremnt f ar-bastpresurs wre irs teted a mounting base. An Increase In outside air psemnw
measremnt f r-bastpresurs wre irs tetedtern through a small inlet. caused oxpanuiskof

on a developmental basis of IiRt during Operation ~ daham-Algtomu-~pdsrn i
Upshot-itnothole. Full-scale projects for measure- soldeapred ms to t legce te of thefree iap phragm sel

rient of air-blast phenomena using this type of gage solere m tio ase aete of thl e screedatchronag csted

werts undertwken for Operation Castle (Weerence 1) glass reordiong asa . Thml- e scam tcde on thi wode

and Operation Teapot (Reference 31. Operation glass propordiongbank to The aovmenitud ofth diassra

Castle led to the production of a pressure-time gage, whichin tup .aroportional to the movmetlote d aibrag

a dynamic-pivssure gage, a peak-pressure gage, and wihi unNgoootoa oteapida

a very-low-pressure gage. All these were used suc- pressure. Ten ranges of capsules. from 0 to I pd

uessfully on Operation Castle. Difficulties encounter- up to 0 to 400 psi, were in ge~neral ~ise In these sdf-

ed and experience gained on this operation led to many Tabeodnggs Bai Al.litosaeiei

modifications of these gages for use on Operation
Teapot. The m,'dified equipment was successful, pro-.albain.Clbato fth ~w~
ducing pressure-Uime records on better than 82 per- suewaacmpiedoa edanNo$r 1

cent of the gage installations. A continuing develop- Y recodr The ap outputh of a Lestatna utrai--p X-

* m~~~ent program has bieen pursued with particular stress tyepsurtandcrwsfdho w um
on timing, resolution of the pressure record, and toytpe prsue traxnsdue of s th feodetroug CapsuSe v;

Initiation devices- tion was measured by a milcromneter 1I~sd equnIped
with a null detector and setrvo system operating a

A.2 PRESSURE-SENSING ELEMENTS slide-wire potentiometer which, in turn, crreffiedk

The asiccompnentcommn tothe ressre-the chart drive (or y axis). The resulting calwame

timhggebasic cmponen commo tosta pressure-snigcp record was a plot of capsule deflection as a fosekm
timegag an theq gge s a resuresensng ap- of applied pressure. The error of this calibeuims

sule. In 1955. a contract placed with the U.. S. Gage was less than 0.5 percent.
D ivisIon, American Machine and M6etals Inc. . result- Unfortunately, the q gages would aot aceu$ do
ed in improved manufacturing techniques and design new -capsules because of space limitation&- Capaides
changes. These produced capsules with approximate- used on Operations Castle and Teapot were sob -
ly 0.050-inch displacement at rated pressure and tedadealbtdfousInhseges -
capable of withstanding 100 percent overload In thtedad eairtd o s nths ae
lower range of elements without serio.us hysteresis. A.2-2 Recording BlrI s The recording m.ete
P~articular attention wis paid to linearity of the trace o h cac-yesl-eodn aews-~

as the capsule expands. Deviations, of trace of not nie ls ls iia otoeue ePrel
more than 1 degree from a normal to the mounting iegls'dcsmlatohseudanrii;

base were achieved. At the recording speeds com- projencdwts (see coreingcece). sitaticult haexesiv
monly used in these gages. deviations of ;jis order indwthhecangncesatgecsue
result In a less than 2-ms errror in time. The newstlspeur 'prucaradberod.i

capslesare ligtly argr indiaeter wih deper pre-Redwing applications. it was fell that low sern-.

coruapsules. aresihlye learger 0ing diaeter, anthdeee perature wins the cause .ef the malfunction. Labormoisy
corrgatinsweldd sams,0 rig salsandtests, however, did not hear thi out. sincei pedwiIy

osmium-tippeti stylE, instead of the sapphire tips pre- raal cace ee banda hone~
viously used. These tips are less subject to shatter-
in& and provide electrical contact for the electronic p ressure at temperatures as low as -40 C. pie"

pulse. experiences Indicated that the quartz protective se*-
Opertionlly thee cpsuls wee smila toing was preventing the stylus from scratcbing &reso

toeueonOperationaly hse Capsules wer esilaro to the Aluminized coating. For Operation Redwing.

tholseic us sed r onaOp rations Castle and oepot atby quartz coating was omitted. Tests in the lshornwis

Ballistichs ofeseac Laordadeatory e aBrL e C hompraiv did not Indicate any great increase in scratching from
photgraps oftheold nd nw casuls ar shon handlilng due to this omission.
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A-2.3 Drivye Motor. The hecrt of time time base in ~ The second set of tests was mobtodetermine am
the pressure-versus-time and dynamic-pressure offeat of shock on turntable veloelr. Again oucL).-
pas was the A. W. Hasyden. Series UN00 ch onkret.- paph traces were made at bartdfi uubtise, wm
Stonfly afternd wxnta Wtgnre A.3 and A.4). Thfo current, and reference Mwne while Aw gWwas ad-
motor had apernianent-magnet-field construction jected to shock in a Barry Co-apes% Type 150 VD.
the mtrsqwere pwrd by tox Mavots oryoeaio.I the-gages.tediurndrimpact-shokaschigasme. Tbntohadrsweim
teme trcuycls dereivoering by volsith enlough capaity ofst12 mnde. Impkacets ra t iz n asOS with drun in
tooeruytell themir o verin 6 hours. w thenog chronoty prf12merenc tho vbt-acoeleratio eas, si rnc tIn
tooertri oeroreuad the motor vo vr6 or.Telocity n byeforerncoe losely dupio-cokated n tesutssionce the
omparicoenorrguae the motor velocity totabf ac-yp gagmer wihsorecodel duplict te fihocktins Thebm5-

bomalacrheadajsing the motor veourrenta oawtcu-tile tudes withstout apprecta ashoka t iug 50- acuagal

both were Identical. Specifications state that this Deviations from the linear line didaft exesed F~ mawe

TABLE A.1 CAPSULE SPECIFICATIONS

Diaphragm material NI Span-C. Fhosphar. bronze. 4-1 psi.

Deflctin, t raed resure 0-1 to 0-150 psl approx. 0.0$0 Inch.
Deflctin, t raed resure 0-200 and 0-400 psi approx. 0.040 WLc.

Linearity & 0.5 percent.

Hysteresis * 0.5 percent.

0Natural frequency. uigiaaryed 1,200 to 2.000 cps, depending 6a prsm

Rise Uwme 2 msor less.

0-1 to 0-150 psI. 200 percent of rated prerdVOW
Operating rang 0-200 to 0-400 psl. 150 percent of ratd prdroms

Pressure Inlet opening 0.152 Inch diameter-

Diameter 0.75 inch to 2.00 Inches, depend~ng an psusbein
range.

governor would regulate the speed io) better than 1 at 50 g. At higher accelerstims. So velocity ovdil-I:percent under 10 ga2cceleration, from 10 to 3C0 cps. lated atter the Instant of shock In sewai cases, and
A study was undertaken In BRL to determine the occasionally the glass recordiag dieebroke. Aced-

reliability of the motor under field conditions. Tertj eration shock of S0 g or less, bmweiw d11d not mate-
were performed to obtain turntable relation, as a rially affect motor and turst"~ vsedW
function of time, from the instant power was applied
until It was removed, 'and to study the effect of shook A. PRESSURE-TIME CAME
as great as 80 g.

The first tests determined the con-Istency of the Tlhe pressure-time (p-t) gages siee an perstiom
time required for the motor to reaeh constant velocity. Redwing weru &. modillcatiou of th e e sed on
Oscilllograph traces were made showing motor current, Operation Tesaot, which in turna wer modifed Oper-
turntable rotation. and reference time for both free ainCsl ae.A oe mwinA2 h
motors and motors loaded In the manner In which they capsules and recotding blankA wesa Amroved to
were to be used. This data was then plottedi au turn- producA a more accurate and ma-v Idle rocor%.
table rotation versus time (Figure A.5). The data At transistorized photocell circuit vin added to repisee

* showed that the motors attained full velocity In approx- !he old vacuum-tube-operatad etrerIm. An Imp, ove
Innately 10)0 maec. exceeded their rated velocity. and thermal link and mocunting were ds~mL A delayed-
then settled down to constant speed. Overshloot and time-pulse generator rq~asced the thrn-base osciallaor
oscillation were decreased by loading, but In no case uaed prvlousiy. A cam and switchumu added to
lasted longer than 400 macc. The error between the give up to four revolutions of the fial64e. An arming

0 actual displacement and a linear extrapolation to zero switch was added to permit the gWase b e Installed
rotation of constant velocity never exceeded 20 msec several days before the shot and ser in a short
after + 50 msec. The time difference between the time, just before ihe -area was cetarWi. These changes
extrapolated line and zero (I. e. , start-up time for made the pt gage an even more r~eand accurate
computing purposes) was 65 msec. with a standard instrument while maintaining its peaftility. ease of
dev.atlo& of 11 msxec. installation, jand~recovery. It was eavely self-
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entainled, ansal In sIM, and rel•stely la5pussim. A.&2 Thermal Inlthdsom. T theml a iEttolU ,
It did not require the long lengths of cable, complex used on Operation Redwing war an Improved version
recording equipment and exqpeusi selters assaet- of the ones used previously. Laboratory expertimte

,1ated with elecstrdant systems for-einainigum tsaila skewed tiaL a l-ptro-te mpi memot In
data . ins proven ttsaime be o efeles beemidag Ur .e the therml link was achieved by
ab aing pressure-time data over a wide 0 of using wider strips of shim brass 0.003 Inch thick,
pressures and distances and has lent Itself admirably soldered together with a low-melting alloy (150 F)
to installation in a'trnetures and ithelcr'. Figre A.7 rather than the t/4-by-&-inch strips used on other

shows the gage encased and ready for Lnatallbm. operations. To strengthen the mounting holes at each
Figure A.6 shows the recording side of the gage, end, I/Ih-Lnch-irside-dlameter eyelets were staked
while Figure A.8 shows the motor-drive side. in the holes. These strins were tested to a minimum

breaking strength of 25 pounds.
A.3.1 Mechanical Construction. The outeide gage Unfortunately, the links did not fully meet the de-

4 ase was the same as used for Operations Castle and sign specifications, and some difficulty was experi-
STeapot. For project-installed stations, the base- enced on early Operation Redwing shots. After the

plate type of mounting was the aame as used on Oper- gage had been activated for a period of time. the link
ation Teapot. Contractor Installed stations used 6- would part, initiating the gage. This occurred to a
inch. threaded pipe imbedded In concrete. Gages small degree on Shot Lacrosse and to a large extent
were screwed in place by project personneL on Shot Cherokee, especially on the reef stations.

The gage frame was modified by shortening the The number of failures on Shot Lacrosse was mini-
cihodinel to 5-h/ inches to allow the use of a larger atzed by a check and replacement on defective links
unit holding the complete electronic system aod power late on D-1. On Shot Cherokee. the number of pro-

supply. The old mounting holdes for the capsule were shot initiations due to thermal link failure was kept
plugged and remachined to accept the new capsule to a minimum by the use of double links on stations
mounting. The hole for the old photocell entrance showing a tendency to part links. It is felt that the
bushing was plugged and a relocated hole pit in for large number of failures on the reef stations was due
the new photo-initiator bushing. A 1/'420 screw hole to a constant salt-water bath, setting up eleptrolysis
was :dded to permit final activation of the gage with- between the dissimilar metals of the link.
out the necessity of removing the gage from the case. Too late to obtain a replacement, it was discovered

The turntable bearing housing remained the same. that the alloy used to solder the halves of the link
Turntable diameter was reduced to 2-1/2 inches, with together was not the one specified but one containing
a notch and pin added to operate a star gear and cam mercury. The shim brass supplied was a soft-brass
to permit up to four complete revolutions of the turn-, and not a hard-brass shim stock as specified.
table before the cam operated a microswiteh complete- A field correction was made on the existing links
ly cutting off the gage, giving operation times of 20, by removing the old solder and resoldering the links
40, 60. and 80 seconds. Figure A.9 shows a closeup with the correct alloy. Shots Zuni and Yuma showed
of the star gear and cam aad the new capsule mount, that this corrected the trouble as no link failures

A double-pole, single-th -ow microswitck was were experienced. The thermal links were supportedI. bolted to one side of the gage frame directly under by a 34-inch wide U bracket with a tension-adjusting
the screw hole in the face plate mentioned above. screw on one end. In operation these links held up a
Prior to activation, a short screw was fitted in this spring-loaded plunger. When the incident thermal
hole. This screw was not long enough to operate the rediation heated the link to about 150 F. the alloy
microawitch. To activate the gage. a longer button- melted, allowing the link to part and permitting the
head screw was used to close the microswitcb, which plunger to drop and close the microswitch. This meth-
completed two cirduits: one, the battery circuit for od proved quite effective as a backup initiator in case
the motor and the other the battery supply for the of failure of the electronic system.
electronic photo cell and timing pulse.

The six batteries which furnished power for the A.3.3 Photoelectric Initiation. The photoelectric-
drive motor were held in an Austincraft holder mount- initiation device, activated by the incident light from
ed on the side of the chawiel frame, the detonation, was redesigned to insure greater

The capsule was mounted slightly to the rear of reliability and sensitivity. The new, circuit employed
its old location ard turned 180 degrees, permitting a photo-conductive cadmium sulphide cell, a transis-
the recording disk to be turned around. This obviated tor amplifier, and a sensitive relay. In addition, a
the necessity of springing the stylus to insert the circuit to provi'e a time-reference pulse on the
disk, It also speeded up the placing of the diak o0 pressure-time record is described in A.3.4.

0 the gage, which previously was quite a tedious is 3k. Figure A.10 is an exploded view of the assembly.
Other details of construction are similar to th( se showing the miniature photocell, insulated bushing,

used on gages employed during Operation Teapot amd pressure tight housing, and a cylindrical lucite
full Information can be obtained from Reference 3. lens to focus inc,'dent light on the photo-sensityve
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quiescent current and to eIAminsis proitataiam IV contacts an RU2 were used to apuly %v@ aýO
r Mok at MAIL 6-sel mercury-son swum&, B. Wo um.k Fgure A.12 in a schomaie diagreas of the complete motor (Mt). This started the reording qdk sid

circuitat cithe pressure-time gags. To prepare the the turntable continued to rotate a p~we
gage for recording, SWI, the activating switch, a number of revolutions until the atar com opsedA

4. normally open mloroawitch. was closed. completing unormally closed nileroswitch 40W2). sbeneob
the ground return lead. Prior to Initiation. the CK the motor and translstor from their r~~mg
722 translator was biased nearly to cutoff by Rl, supplies.
which was returned to the positive side of the 45-volt Difficulties were also e~erienui uf phs.

+A r
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Dik me4

Styus4
Fiur A.1l ceai iga lrnuetm lcrnccra

batr (l.A zl ielgt mignguo he iiiaincrci.Tes ee B2by nu,
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photocll whduchd was Insrieswisthathe transistor ofaplo- beircuets mniatclimatic thes othaer ato ths b~my.k
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usedPoin lA.Tchi thegrative eulectrically e In the loadseal etetbthe ostrte of a eicn nthe photo lalti h

transison bplcemndut oeviy th sn hesniie relay coil diecleansssity fsilhter In FIgur plannd to3 furieta*2
theI) 4w-vol was n ery.Tisesule wintniheaehw the ernitrcl icisI letoimac ttcampoent majd Ans h~nan-
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gage by the blue--rfbbon plug shown at the bottom em- finish which was found to be otcsllent for ruot =34

ter of Figure A.12. The plug facilitated rqaoamast abrasion resiastance. A timing motor, similar to on*

of d.lemoet•va a.. woed in the gages an Operation Castle. was put in to
rPeru the paps %a aeral•o r m irbr as aads..

A.&.4 Ifming. In order to establish a timne rot- The theruml Unk assembly was changed to allow the

arence, a pulse was placed on the pressure-time iise of the new quick-acting link. FiguresA.14 and

record at approximately 130 maG after zero time A.15 show assembled and exploded views of the gage.

by the tlme-delsy circuit shown In Figure A.1.. At Considerable research and a shook-tube-testing

zero time, a positive pulse was developed at the c*l- program ,vas carried on to determine an adequate

lector of the transistor and fed to an RC circuit mads method of damping the total pressure-sensing element
up of R2 and C2, whicii closed R1.2 at a time delor- to prevent overshoot and obeillation at certain oritical

mined by the values of D.2 and C2. A p4ir of aorwaiW pressures. The best solution proved to be a sleve-
open contacts on RL2 dis-harged Capacitor C3 throutt like restriction placed directly over the capsule Inlet.

the aluminized coating of the recording disk. pzmadw- Figure A.16 shows a record of a shock-tibte shot

ing a small dot on the pressure-time trace at the with hn undamped total pressure element. Overshoot.
desired time. Capacitor C3 was connected to the disk in this instance, nmounts to approximately 25 percent

by the recording stylus and the brush assemrblysho'm with severe oscillations follow1n,n. The Initial rise-
in the Center of Figure A.9. time was o1 the order of 1.5 msec, and the duration

of the flat-tcp portion approximately 45 insec.

A.3.5 Calibration. To test and calibrate the phoao- Figure A.17 shows an overdamped eapsuls. Her,
Initiation and timing unit. the photocell was e.;posod the overshoot and oscillations have been successfully

TABLE A.2 GAGE PERFORMANCE

Pt Pressure-Time Gages q Dynamic-Pressure Cages

Shot To pt ecord Peak No Ce Dot Total Peak No Gage not
Pt Gages Only Record Secesred q Gages Pt Record Only Record Recovered

Lacrosse is 12 2 1 •6 3 0 1 0

Cherokee 47 34 9 4 0 14 6 4 4 0

Zuni 25 17 3 L 4 9 6 0 3 0

Yuma 14 10 2 2 5 5 0 0 0

Inca 20 16 2 - 2 10 8 0 3 0,

to light from a 100-watt projector at a distance of 2 stuelchod, but the rise time has increased to approx-

feet through a shutter set at 0.01 see. Time was mm- imately 9.0 msec. The undamped capsule has an inlet
aired by a Hewlett Ptekard Model 524B electronic ram- area of approximately 0.009 Inch2 , the overdamped

ter. The voltage pulse generated by the photocell wa one an area of 0.0023 inch2 . The sieve Is a piece of
used to start the ccunter, which was ther stopped shim brass with 16 No. 80 drilled holes directly over
when the delayed time pulse was applied to the record- the capsule inlet. The sieve used on Operation PRadwing
Ing disk. In this manner, all the delays Inherent in q gages had an area of 0.005 inch' . (16 No. 76 drilled
the system were included in the measurement of the holes). This gave a damping approaching 0.7 critical

time interval. The accuracy of the delayed time palm and a rise time of approximately 2 msec. These made
was 1.0 msec. Each gage was calibrated indivlduasld the gage more reliable and 'ncreased the accuracy of

and the delay time marked on the gage. reading the record by reducing the aniount of inter-
polation during the overshoot-and-oscillation phase.

A.4 DYNAMIC-PRESSURE GAGE

The dynamic-pressure q gage was modified little A.5 GAGE PERFORMANCE

from the one used on Operation Teapot. The old The total number of gages Installed, and a summary
gages recovered from the last operation were rebstk of performance on the five shots are listed in Table
and thoroughly checked. Battery power supplies A.2. The column entitled peak only mleans that there
were replaced, old relays cleaned and tested, and was a malfunction in the Inii•ation system or the drive
replacements installed where necessary. Motors motor. In all eases It is felt that the malfunction
were calibrated and adjusted to within 0.1 percent o was preinitiation. whereby at least a peak pressure

rated speed. A light cut was taken off the nose see- was recorded.
tion to remove a majority of the dents and scratches A listing of no record on a Pt gage does not ne-

received during previous tests. The main body ot essurily mean a malfunction of the gage but could be
the gage was cleaned and painted with a baked-enamd
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sftafto.reasons: 0) t deflection was too small sollrabod end do rnsuts tabulated as bASER

fie VA, or (2) the glass disk was broken. pot o cierdels Percent Open
Owes which were not recovered are listed Is a

t s~mos solle olmn sim*e it is " know wbod 6. 0WU
~~~~3 Js r~e~it Sto so

UheIw of records on the q gape was caused 1W25 Soto 90
I I recording disks or insufflcelot stylus pressure 30 so to 100

*~a 0m recording disk. In the present q gage there is
so ww to adjust the stylus pressure after the record- Shook WM Vew tont the gages Indicated that a 25 per-

Igdohas been Installed, cent opening incrreased the rise time of the capctales
by about 50 parcem1U In othter words, fronm approxi-
mately 2 &&,a-c to approximately 3 nmseo. It would

AA POT OPERATION GAGE EXAMINATION appear that in a majority of oases the stoppage was
in oder to better underigtand the results obtained not serious enough to greatly affect the records. The

es Operation Redwing and explain some of the apparent material causing the stoppage was .inalyzed and divided
discrepancies In the :.-ccords, a program of gage ex- into three general classes, ie. a. salt water corrosion,
aza6osto and componealt tests was undertaken upon coral deposit. and carbon paper deposit. Of the".,
the rew of the recovered gages to the laboratory. norrosion was th most prevaeant but accounted for the

smallest part of the stoppage. Corrosion could occur
AALI Record Cheek. All gages that were seturned before and after the, shot. The deposit of small coral

wis d pressure sensing capsule still installed were particles was the most serious but It in felt that this
care~ft cehoked for capsule number versus gage did not occur until after the passage of the shock wave.

¾ ~rand these records compared with the field The carbon paper deposit was the residue from a
rss.No discrepancies were noted. protective cover placed over the pressure Inlet to

keep cut salt water and small particles before shot
A." Capsule Examination. The pressuring sea- time. Ordinarily this carbon paper burns away from

sling capsules were removed from the gages and ex- thermal radiation before the arrival 'of the shook
amadvil for obvious damage such an overstressing wave. In some cases where the thermal energy was
dioe to overpressures above the design limit and stylus insufficient or attenuated, the carbon paper was not
damag dues to high accelerations. All recovered completely burned away but small particles were

.ools were recal ibrated and the results compared forced into the pressure inlet by the shock wave.
a ~wihpweshot calibration curves. The agreement be-

temthe two sets of curves was excellent except in * A.6.4 Thermal Initiation Tests. Thermal initiator
toe ase of overstressed capsules. Approximate cal- tests were divided into two groups, tests of the plunger
ihection of overstressed capsules was achieved by me- and switch and test of the thermal links. There warn
Ascle another capsule of similar pressure-deflections no evidence of failure of the plunger and switch as-

ratristics and subjecting tt to a pressure sufit[- sembly. however. a check of the time required for
cia to cause a deflection equal to the deflection re- the switch to close after the parting of the link was

curudat ho tie.This pressure was approximately conductedi. To record this time of actuation, a&Potter
equalt to the pressure to which the gage was subjected. counter was used in a circuit which detected the iop-

;., . .stant of break of a link and the Instant of make of at
AAL3 P rotective Screen. Protective screens mlcroswltch. A series of tests were perforrhed to

ubhid were placed over the capsules were carefully determine differences in actuating time of assemblies
cexmnd. A method of determining the amount of in an as-is condition. I.ea. . as returned from the
sippgo of the air passage due to clogging of the field, cleaned and oiled condition. and with one 0

se was devised. Most of the material cloggng ring remioved to avoid a compression condition. The
dw sreens was opaque so that an optical method of results of these tests were:V:inspection appeared satisfactory. A simple photo- Number Average Thre
electric call and amplifier with an indicating me~ter Condition ofSmls eaud
was hetl A clean unused screen was placed between
"do fthe'- source and the photo cell. This was then Aais 20 2.65
cenioisred as a screen of 100 percent air passage Cleanled sad Wead 23 2.99
and tas scale on the Indicating meter marked as 100 W/one 0 ring 16 1.91
perese. Neutral density filters of known density Frtcm these results, it was obvious that compression
wer then added between the screen and the photo of the air trapped between the two diameters of the
call said the meter completely calibrated from 0 to plunger slowed do the operation by approximately
Ise percent transmission. The recovered screens I mace- At the Lower range of pressures, it was
were is turn placed in the gap and calibrated as toetta n igwudprvd ufcetpesr

pereut pen Aproxmatly 00 crens ereseal. A miniature plunger assembly has been built
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sad erbjseted-to si.mtwWON& While ms1. am pmbe*t th Itation aerealt and time me delmy puls
utilized two 0 rings, they were both of the same dsam- econsneted but did cheek out when the pualse aireul
,tr. The results of these tos lidicated that it ap- was disconneeted It is felt that sA Lalreanm threw*
taed- Sighlybl A~ dowl dr old soft wAl*l ame 0 lir conme ph"e supply esooed %Me M~dutm. Nh
r.el, with the now unit having am actuating time of teen of the circuits completely failed to operate. Of
the order of 1.6 mom. these nineteen, nine had faulty relays and the other.

The chief cause of failure of the thermal initiator ten suffered from transistor failure. The inoperative
was with the thermal link itselL During a period of relays were taken *part to determine the causes of
from I to 3 days after installation, the thermr.al link failure and it appeared that they were damaged liF
either parted, or creep In the soldered Joint permitted excessive accelerations. The least snslUve positiom
the switch to actuate. Laboratory tests under simu- for these relays was determined and they were re-

lAted conditions bore this out. oriented for future use. A relay failure at the time
To check the breaking temperature of the links, a of the passage of the shock wave does not necesaari•f

series of 12 links were set up ina frame under spring mean a gage fallure'however, for by this time the
tension equal to that of the Initiator assembly (8 to thermal initiator back-up switch has fntotioned and
10 pounds). An indicator light %-s wired to each link Independently keeps the circuit to the gage motor
to show when a link had failed. The entire frans,was closed. Aotherposasile cause of ibunr in fferd
put in a controlled temperature oven, which was operation which did not show up In laboratory tests
brought slowly up to temperatum The links began was the effect of moisture on the circuits. This
parting at a temperature as low as 114 F and all had effect will be minimized in future use by pitting the
parted when the temperature reached 120 F. Links entire circuit In plastic.
held under tension at room temperature for several
days showed varying degrees of creep. It was deter- A.6.6 Drive Motor Tests. The turntable drive
mined that the manufacturer of the links added mer- motors were carefully chocked for obvious damage
cury to a standard alloy to make an alloy having and were calibrated for rotational velocity. Approxd-
the required melting point. Unfortunately, thda addi- mately 50 motors were calibrated. Of these, three
tion changed the cold flow characteridtics of the were definitely bad; they either did not run or ria
original standard alloy, erratically. One motor ran consistently 15 percent

New links have been made asoltested in the labors- slow. The balance checked out well, having an error

too. They have the deslred-charmcteristlces. I. e., of less than 0.3 percent In rotational velocity.

breaking point of 150 to 165 F. minimum tensile
strength of 25 pounds, and the ability to sustain an 8 A.6.7 Motor Start-Up Time. In establishing a
pound load at elevated temperatures (115 to 120 F) preasure-time record, the calibration of Ume Is.as

for Several weeks. Theoe characteristics were a- Important as the pressure calibration. Just as pres-

chieved by the following means sure steps are not placed on the self-recording rec-
ords at shot t.me, neither are there time marks on

1. Use of Cerro de Pasco alloy No. 5000-7, a the record. The time scale is accurately determined
eutectic alloy having a narrow melting range. (nom- by the rate of rotation of the recording disk. The
Anal 158 F). angular rotation is converted to time in milliseconds

2. Use of hard brass shim stock for Increased at the same time that the deflection is changed to

tensile strength. pressure.
The turntable which supports the record disk Is

3. Use of two pimple-like depressions to present driven by a Haydon chronometrically governed motor
"a compression area to prevent creep experienced in which is described In Section A.2.& This motor Is
"a pure shear joint. act and checked by the manufacturer for a certain

No data Is available as to the leigth of time required number of rotations per minute. In all cases the

for the links to part under actual field conditions. A variation from the rated rpm is small after the motor

program Is being initiated for Operation Plumbbob to has had time to reach its rated speed. The average *

determine parting time, of the link for varying yield- time required to establish the rated rpm for the three

distance conditions. With this ticormation, arrival ranges of motors utilized in the BHlL self-recording

time data will e possible from. Sges thermally lai- gages is 400 mscc. These recording drive motors
t-a•d.were calibrated at IHL and a sample curve is shown

in Figure A.S. The slowest speed, a 3 rpm. has a

A.6.5 Electronic Circuit Tests. One hundred elec- slightly different calibration curve than the 10 and

tronic photo-initiation and time pe.se circuits we-e 40 rpm motors. The time calibration curves were

examined and clecked upon their.return to the labor- obtained by atI:..ching a small gear te shaft in the

Story. Seven checked satlsfactoraly, that is, both governor, which was geared to the drIve shaft of 'te

the photo-initiation circuit and the time delay pulse motor. This added gear opened and closed a awlt."

functioned. Seventy four circuits did not operate with which provided a series of pulses with each pulse
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representing 0.2 of a delee rotation of the turntable. gannot be used to find Soe time tI the Positive u
Those pulpes, along with a 100-cycle time base from when the corrected arrival time is les th*An 40 m
a Hewlett Packar~d frequency standard and the input On Operation Redwing, there were raW toeam how
current to the mur*r, were reewded cn a Consolidated Sbot Yurm sad lof whld 4e01 tO this e0au9804 he
Electrodynamic Corporation recorder. TIle record order to correct for the wotor not beilg up is qeeo
of the current gave an accurate time at which the each motor was calibrated by the method dearlie
motor was turned on. The 100-cycle timing provided above. Just as a nonlinear pressure curve was mbsd

4 the time base for reuding the angular rotation. The to the deflection, so a nonlinear time curve was ume
calibraUons were made with the motor in the gage to convert the angular rotation to time. Ia usiaf doe

* under load just as it Is used in the field. nonlinear part of the caabratlon Utme curve, it is
"As was stated before, after 400 msec all calibra- Important to have a well marked zero time an *a

* tion time curves are linear and a constant can be record since this zero time must be matchedWA
applied to convert angular retatioh to time in mliii- the zero on the calibration time curve. On Shiss,
seconds. In this case, the correction factor for both 3 and 10 rpm motors were used at the sme"arrival tlina, can be obtained from the calibration station. This furnished a good check on the ui

curve by extendiig the linear portion of the curve used to correct for the nonlinearity In the tWas "aing
back to zero rotatiom. This factor must be added to the positive duration. The oney loss In aecurmW
the calculated arrival time in order tv correct for occurred when the arrival time wat so short fi the
the delay in the motor start-up time. From the curve first part of the positive duration was compreendl,
in Figure A.S, it is apparent that a constant value making It difficult to read the record.
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Appendix 8
PRESSURE- TIME RECORDS

SECRET

'"7.7.-. 
. -.

•'•L,'" ••,.,"'•. ';,., '".,4.'-' . .".' •", - ,". ,.'-" -","-",••: -. "- .- •;; ' : .' . '• '. '"-•• " '" . . :-•", ,•'



owes-s.5

1do

* 4

443-

* 40
1.4

406

20

• ,,, i • = , • .. , . . . • . . . . . - - , ° .. . . .. -- - - - -- - - --- -. . --- - -----,--.,• . . . ; . .,- r - ----- - ----- - --- -- - ----- -- - ---- - --- -- -

low so uc

540

imflou3T

SECRET

rq ~
I .7



20

TIME loo

1154-04

To '1s

* 70

SECRET

41W:



AW0

u4s.if- m7

Sall

160ime Muc

Z's



M".as

no- m.e4"of

I~W 4101a)-~

""Im"

IF.

V 72

SERE



9'u M"&nf u

115.31 -0"s

100 too 500 so0 no .o

OUW N"E oiwm

so 0 ow too N 400 500 6M 00 100 so o
im IN act

73v

T S- o- ., ... ..



0 0 20 300 400 o- so AM0 mO NO No30 00

.474
C 00 200 100 400 000 SECRET 30

fl~ (Twos

'I~o"A0o.



Ny-w

* o

am304Ms
TOM(.U

fD wo40

a"lsc

SECRE



sow Im
Tou wo

ak

41411.am3=

30 4000
TIMM6NUO~

SECRE

*~RO NVT 1!. a
709



ai 30 4001

li.50-070

ii

V C

Ow am 3000 400r0-A a ~~00To NOW 00 00

77

SECRET

-. "7

7 . 7. -7



, j, , ,, - ..... l ii

% m

J•' O,

S-

i"
I

0 : i ,-- • , / r i .. . - e

lq• mK¢.)

e,, !
•._i! - __

!2"o
,'•

Ut[4.

I

TIl Will

?8

SF.CRET

L •



10

ama0

SERE



0

'II

200 aoo IIAC i

413.07-09?

1 11•507-OS?

II

S•ll|.T-Olffbillu
Will l aud a

Sso

SSECRET

7 77,.



...... MONO

a-l

SERE

71 -77



. m I300 400

6*

1I3.08-8000

1-'

e,-

I '

000 000 3000Tim IMoW.I

0 200 300 400 no

SECRET



a 113.09000

p-a

* 00020 3000 4000 50

SERE



TMW I M3W. I

4

I: I00 ~ ~~113.0100-00 U MaC O

h'. I sa

a0 1000 mm0 20b0 4000 sm0

4 84

SECRET



.44

,* L

SERE



a,. 05

0NH OW

I" HAK

U8

SERE



d-,

dam-0

7'7

_____ ____- CRET~

or.,n



014.k39S?

a

41
*i

l[T" (Mud

SECRET

4

IM so

* tO



%44
N "

l0o too 3 400 $Go
Tuft Dtmw.

60

114. 25 0•

-6

t

___ 2005 3000 4000
$Go m InI EmSw)

SERE

I0

I-I

SECRET



1142? -031

I.d
of o"40

To f¶k

SERE



SERE

iva

*i4.tO- 106

* 5.

414 6

aI

i',,



Vo

14 ,a

TOI

lol

L.. 
TUE ~ - 44

u4am 0Mto

,._ ~ SEC R ETll

I"•"



14

44

S&C



%

114.40- 171

84

TME Im MKC

SE RE

S l.4.40-1rn

1'1
9, " I

.c4.

* I-

SECRET

- -P



I' i

.No

40

60ý

00S

p ,,"Ot

4' -

so gI8,o7o-'I, ,

tIlm 31.6)

'. 5
TOEIA IM G)

SECRET



SaeECRETa

* II~.Ojig



IIW

Ism to ffa

Plo 7.P p p



U4.09 -OMS

T"rn (at I=

SECRET



11.. -00

Iwo no id 3 W

ii4.O -009

So mim ms m 5040

TIM IM ff0)

SECRET

L.-.---



IS
THM (m Sao

*10

115-11-102

000 SooO005 2000

SECRET

-1- r-



so 156.4 -092

_sow
ow~MC

In I=

100
Ml

SECRET

I.,,r



IM

TowIn MI**

N- -



II

j-4,

pO -10 A -a s

102

SERE



JI s J ID .00 s OUSo n IoOWd

KI,-

go40 40 s 0Iomto o o

114.03103

SERE



m so

tot

j10
SERE



Its.~~ is 10

50 400 ISO too US 300 350 400

lima 111050

M

116. Z?- 040

s 00 dto am0 no~3~ no 350 400 430 we0
TIVItE N

11 13 14

so 11oon n 0040

SECRET



gs-

CG so 000 ilia No 110 300 4041 0

£~ 000 loo 150 350030M

0w 8000 0 *0 0 30 350 400 410 on0
Tat 0t=)K

Ut

so loo ISO ~~nu20 ISO 0 o 40 40 s

to

SERE



TIOW (MISECS

so 00 150 200 ISO 300 330 400 430 500 10 sm

0 100 io o 200 too go 300 J50 *0 490 Sao w

ORIWNATION 4P

0 20 V-00 'V 0 200 too 300 350 40,) 420 500 mi

1 TOM IM 8=1

107

I SECRET

'W9,11 .rp IMM 7M qM-1 PIP

777477



OCENTATIOd-"

SE RE

lo- PW M20 p5 F,~ a0 2 0 1



Appendix C
ISLAND DIFFRACTION RECORDS

C.1 INTR•ODUCTION and configuration were es-ilblisbed.

On Shot Cherokee, land space was not avaitable at
C.3 ISLAND CONFIGURATION

the desired distances for Project 33 :.;..:ctures in-
st-emc-itatlon. Therefore, iz was rrop:ýsed that man- The .-ecommendatlon aceepted wits for" an Island 6
md islan%;s, be constructed along the Site Charlie- feet in height with the leading edge vertical, for the

Dog Reef. This v.,as an e~xpensive proposition; there- first 4 feet and the top 2 feet rounded with a radius of
fore. it was desired to keep the island size to a mini- curvature of 2 feet. The structure was to be placed
mum but still keep the structure free from turbulence Go feet from the leading edge. The island size. strue-
that might be created by the diffraction of the blast ture location, and gage location are shown in Figures
wave over the island. C. 1. C. 2 and C. 3

C.2 SCALED MODEL STU~DIES CA4 DATA PRESENTATION

Scaled models of Isiand shapes and sizes wete In- The data are presented in the form of records of
strumented In the BRL shock tube. Gages were in- pressure versus time, along with Table C.I. which
stalled and pressure cereus time was recorded along lists measured values of other parameters. Values
the surface of the model and at certain heights above listed as peak pressure are those measured just after
the surface for acveral distances bank from the leading the initial pr,.ssure rise and not the peak caused by
edge. This was done ^w establish the tainimum dis- the reflected wave from the structures. These data
tance from the lea.ding edge at which a structure might have been transmit~ted to Project 3.1 for detail analysis
he placed and still be free from any iflects of turbu- and reporting.. The records are identified by station
lence. On recommendations fr-om BRL., thbe island size and gage number.

TABLE C.1 BLAST DIFFRACT[ION DATA

Gage TWOe Peak Arrival
Station site Distance And Uverpressure Time Duration Impulse

Numbr
It psi amc see psi-see

114.22 Man-Made Island No. 1 19,338 Pt" 0 .8 3.779T 12.28
114.23 Man-Made Islands No. 1 19,385 pt- 802 12.4 - -
114.24 Man-Made Island No. 1 19,350 Pg-135 9.0 9.885 4.4&3 12.944
114.39 Man-M1ade Islandi No. 1 19,372 pt- 78 9.8 -- 4.027 12-785
114.25 Man-Made Island No. 2 20,6541 Pt" 56 7.4 9.885 4.246 11.9"•
114.26 Man-Made IsLand No. 2 20,672 p17" 281 7.4 - 4.186 1IL390

114.27 Man-Made Island No. 2 20,703 Pr" 31 7.3 9.765 4.281 11.93S"
1H4.28 Man-Made Island No. 2 20,774 Pt-100 7.1 8.793 4.199 11.182
114.20' Man-Made Island No. 2 20.629 Pt-220 7.3 10.027/ 4.200 11.992

11.3 .-a-Made Island No. 2 20.730 Pt 41 7.0 - 4.6"9 12-332
114.31 Man-Made Iland No. 2 20.663 pto 29 7/.7 10.228 4.095 11.101
114.40 Man-Made Island No. 2 20.651 pt-l•.l 7.2 9.574 4.294 12,237

.4.

SPeak reflected value.
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Defense Threat Reduction Agency
8725 John J Kingman Road MS 6201

Ft Belvoir, VA 22060-6201

TDANP/TRC March 2, 2001

MEMORANDUM TO THE DEFENSE TECHNICAL INFORMATION CENTER
ATTN: OCQ

SUBJECT: DOCUMENT UPDATES

The Defense Threat Reduction Agency Security Office has performed a classification/distribution
statement review of the following documents. The documents should be changed to read as follows:

WT-1628, AD-357954, OPERATION HARDTACK, PROJECT 3.4, LOADING AND
RESPONSE OF SURFACE-SHIP HULL STRUCTURES FROM UNDERWATER BURSTS,
UNCLASSIFIED, DISTRIUBTION STATEMENT A.

WT- 1301, AD-341065, OPERATION REDWING, PROJECT 1.1, GROUND SURFACE AIR
BLAST PRESSURE VERSUS DISTANCE, UNCLASSIFIED, DISTRIBUTION STATEMENT A.

WT-748, OPERATION UPSHOT KNOTHOLE, PROJECT 5.1, ATOMIC WEAPON EFFECTS
ON AD TYPE AIRCRAFT IN FLIGHT. UNCLASSIFIED, DISTRIBUTION STATEMENT A.
FORWARD TO YOU FOR YOUR COLLECTION

WT-9001-SAN, GENERAL REPORT ON WEAPONS TESTS, UNCLASSIFIED,
DISTRIBUTION STATEMENT A. FORWARD TO YOU FOR YOUR COLLECTION.

POR-2260-SAN, OPERATION SUN BEAM, SHOTS LITTLE FELLER 1 AND 2, PROJECT
1.1, AIRBLAST PHENOMENA FROM SMALL YIELD DEVICES, SANITIZED VERSION.
UNCLASSIFIED, DISTRIBUTION STATEMENT A. FORWARD TO YOU FOR YOUR
COLLECTION.

If you have any questions, please call me at 703-325-1034.

ARDITH JARRETT
Chief, Technical Resource Center


